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ABSTRACT 

*  This  work  is  aimed  at  determining  the  materials  properties  required  for 
storage  of  DF  (methylphosphonic  difluoride)  over  extended  periods  of  time 
at  temperatures  as  high  as  70*C.  Earlier  studies  showed  the  most  likely 
mode  of  failure  to  be  environmental  stress  cracking  of  the  polyolefin  con¬ 
tainer,  rather  than  chemical  or  oxidative  attack.  The  most  promising  candi¬ 
dates  in  terms  of  resistance  to  environmental  stress  cracking  are  ethylene 
copolymers  with  a  small  alpha-olefin  comonomer  content.  The  comonomer, 
typically  butene-1  or  hexene-1,  introduces  short  side  chain  branches  which 
disrupt  the  regularity  of  the  crystal  morphology,  presumably  leading  to  a 
greater  proportion  of  intercrystalline  ties.  An  X-ray  diffraction  method 
was  developed  for  measuring  the  amount  of  short  chain  branching  which  offers 
greater  accuracy  than  the  previous  infrared  absorption  method.  Character¬ 
ization  of  short  chain  branching  by  such  a  method,  along  with  molecular 
weight  characterization  by  gel  permeation  chromatography  and  crystallinity 
determination  by  density,  were  deemed  essential  to  quality  control  of  resins 
for  the  intended  application,  y* 
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INTRODUCTION 


The  present  work  is  a  continuation  of  previously  reported  work^  having  the  goal 
of  determining  the  materials  properties  required  for  storage  of  DF  (methylphosphonic 
difluoride)  over  extended  periods  of  time  at  elevated  temperatures.  Attention  has 
been  focused  on  thermoplastic  polyolefins,  which,  in  some  instances,  appear  to  offer 
the  requisite  chemical  resistance  and  long  term  stability.  However,  the  performance 
of  the  current  polyethylene  container  material  and  possible  replacement  materials  must 
be  critically  assessed,  particularly  in  view  of  new  requirements  for  enduring  more 
severe  storage  conditions. 

The  previous  work^  identified  environmental  stress  cracking  as  the  major  factor 
contributing  to  premature  failure  in  DF  containers.  This  conclusion  is  in  accord 
with  the  results  of  earlier  screening  studies  by  White  and  co-workers. ^  The  litera¬ 
ture  on  environmental  stress  cracking  has  been  surveyed  (see  Appendix)  and  resin 
density,  molecular  weight,  and  applied  stress  are  key  factors  influencing  environ¬ 
mental  stress  cracking.  As  suggested  in  the  previous  work,^  medium  density  is 
preferred  to  high  density,  since  the  greater  crystallite  perfection  associated  with 
high  density  in  polyethylene  would  lead  to  a  higher  degree  of  regular  chain  folding 
instead  of  the  more  desirable  intercrystalline  links.  Medium  density  is  generally 
achieved  by  deliberate  incorporation  of  a  controlled  amount  of  side  chain  branches 
in  the  polyethylene  molecule  by  copolymerization  with  a  small  amount  of  an  alpha- 
olefin  (such  as  butene-1)  which  results  in  a  short  linear  aliphatic  side  chain. 

High  molecular  weight  is  also  desirable  for  better  resistance  to  environmental 
stress  cracking.  The  present  work  addresses  itself  to  following  up  several  recom¬ 
mendations  from  the  previous  work.l 

1.  Development  of  a  method  for  determination  of  side  chain  content  from  measure¬ 
ment  of  crystal  lattice  parameters, 

2.  Characterization  of  alternate  of  polyethylene  resins  as  a  possible  replace¬ 
ment  for  the  Marlex  M407MQ  used  in  the  past,  and 

3.  Development  of  a  method  for  measurement  of  long  chain  branching  for  more 
complete  resin  characterization.  The  previous  work  also  singled  out  residual  stress, 
introduced  by  processing,  as  an  aggravating  factor  leading  to  premature  failure  by 
environmental  stress  cracking.  However,  this  factor  shall  be  dealt  with  elsewhere  as 
a  processing  problem  and  will  not  be  addressed  here,  where  the  focus  is  on  materials 
problems . 


EXPERIMENTAL 


X-Ray  Diffraction  Procedures 

Data  were  obtained  using  a  Xentronics  Corporation  XD10  area-imaging  proportional 
counter  mounted  on  a  Picker  four-circle  goniometer.^  The  primary  X-ray  beam  is  raono- 
chromated  by  reflection  from  a  highly  oriented  pyrolytic  graphite  crystal  and  collimated 

1.  DESPER,  C.  R.  Characterization  and  Selection  of  Polymer  Materials  for  Binary  Munitions  Storage.  Aimy  Materials  and  Mechanics 
Research  Center,  AMMRC  TR  83-45,  August  1983. 

2.  WHITE,  S.  S.,  LEEP,  D.  A.,  FIELDER,  D.,  and  DUNNE,  L.  P.  The  Permeation  of  the  Chemical  Components  of  Binary  G-Munition 
Through  Polyethylenes.  Edgewood  Arsenal  Technical  Report  EC-TR-74080,  AD-C000378,  Aberdeen  Proving  Ground,  Maryland, 

November  1974. 

3.  DESPER,  C.  R.,  and  BURNS,  R.  An  Area-Imaging  Proportional  Counter  for  X-Ray  Diffraction.  Adv.  X-Ray  Anal.,  v.  24,  1981,  p.  161. 


by  a  0.5-mm  circular  pinhole  aperture  a  distance  of  225-mm  from  the  X-ray  source.  The 
polymer  film  samples  were  placed  in  a  special  sample  holder^  designed  to  hold  a  specimen 
in  the  reflection  position  as  in  a  conventional  Bragg-Brentano  Powder  Diffractometer. 

The  area  detector,  placed  at  a  distance  of  290-nm  from  the  specimen,  covered  a  maximum 
angular  range  of  16°  in  both  the  horizontal  and  vertical  directions. 

The  area  detector  rests  on  a  detector  arm  which  moves  in  a  horizontal  plane  (see: 
Figure  1),  positioned  to  intercept  the  Bragg  angle  range  of  interest,  chosen  to  be 
20  =  14°  to  29°  in  the  present  instance.  Data  for  this  entire  angular  range  were 
obtained  simultaneously  using  the  area  detector  in  conjunction  with  a  Wicat  150  mini¬ 
computer.  Data  for  each  pattern  were  stored  in  arrays  of  dimensionality  256  X  256. 

Two  modes  of  data  acquisition  were  used:  (a)  wide-range  patterns  ("Zoom  I")  were 
obtained  covering  the  range  26  =  14°  to  29°  with  a  vertical  divergence  range  of  ±7° 

(see  Figure  2),  and  (b)  more  detailed  patterns  ("Zoom  II")  were  obtained  covering  the 
range  20  =  20°  to  27°  (see  Figure  3)  with  a  vertical  divergence  range  of  ±3.5°.  In 
both  instances  the  instrument  resolution  was  approximately  0.2°,  but  the  data  points 
were  spaced  at  0.054°  and  0.027°  intervals,  respectively.  The  Zoom  I  patterns  showed 
the  entire  range  of  interest,  including  the  tails  of  the  polyethylene  amorphous  peak, 
while  the  Zoom  II  patterns  showed  the  shapes  of  the  (110)  and  (200)  crystalline  lines 
in  greater  detail.  The  latter  patterns  were  used  for  precise  measurement  of  d 
spacings. 
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Figure  1.  Polyethylene  folded  chain  crystal 
showing  intercrystalline  links  (I)  resulting 
from  a  chain  branch  (B);  also  showing 
regular  folds  (R). 


4.  DESPER,  C.  R.  A  Computer-Controlled  X-Ray  Diffractometer  for  Texture  Studies  of  Polycryttalline  Material!.  Adv.  X-Ray  Anal., 
».  12,  1969,  p.  404. 
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Since  the  area  detector  method  recorded  all  the  data  in  a  pattern  simultaneously, 
only  one  to  three  minutes  were  required  to  obtain  a  pattern,  compared  to  a  typical 
data  acquisition  time  of  six  hours  per  sample  using  the  older  angular  scanning  method. 

Angular  calibration  was  accomplished  by  measuring  the  primary  beam  (suitably 
attenuated  by  transmission  through  copper  foils)  at  intervals  of  1.00°  on  either 
side  of  and  including  the  26  =  0.00°  position  in  a  single  pattern.  The  calibration 
thus  established  at  the  0  position  of  the  detector  arm  is  transferred  to  any  other 
range  by  simply  adding  the  new  angular  position  of  the  detector  arm  to  the  calibra¬ 
tion  curve.  In  addition,  for  increased  precision  in  the  determination  of  d  spacings, 
the  polyethylene  film  samples  were  coated  with  a  thin  layer  of  graphite  (as  previously 

described)  to  provide  an  internal  reference,  the  (002)  line  at  20  =  26.62°. 

Finally,  to  obtain  a  curve  of  intensity  as  a  function  of  20,  it  is  necessary  to 
reduce  the  two-dimensional  data  from  the  detector  to  a  single  dimension.  However, 
the  diffraction  pattern  of  the  randomly  oriented  polyethylene  crystallites  appears 
as  a  series  of  arcs  on  the  detector  face.  In  the  long  run,  it  would  be  possible  to 
use  all  of  the  information  in  these  arcs  by  transforming  the  data  from  cartesian  to 
angular  coordinates.  For  the  present,  however,  the  required  intensity  curve  was 
obtained  by  vertically  summing  the  data  along  a  long,  narrow  strip  following  the 
horizontal  center  line  of  the  pattern.  By  using  only  the  data  on  a  narrow  strip, 

the  effect  of  the  arc  curvature  may  be  neglected  and  the  Bragg  angle  20  may  be 

identified  with  the  horizontal  cartesian  coordinate  axis.  In  the  parlance  of  powder 
dif fractometry ,  this  procedure  is  equivalent  to  using  a  Soller  slit  system  of  limited 
vertical  divergence  <$  as  described  by  Eastabrook.^  The  effective  vertical  divergence 
used  in  obtaining  the  present  intensity  curves  was  6  =  2.2°  for  the  "Zoom  I"  data  and 
6  =  1.1°  for  the  "Zoom  II"  data. 

The  d  spacings  of  the  (110)  and  (200)  planes  were  calculated  from  the  peak 
diffraction  angles  using  Bragg's  well-known  equation.  The  a  and  b  lattice  parameters 
were  then  calculated  using  the  following  equations: 

a  =  2  d2oo  (1) 

and 

b-2  =  d-2  _  a-2  (2) 

110 

which  are  appropriate  for  the  orthorhombic  unit  cell  of  polyethylene. 

To  determine  crystallinity  from  the  "Zoom  I"  data,  the  intensity  curves  were 
mathematically  resolved  into  separate  polyethylene  amorphous,  (110),  and  (200),  and 
graphite  (002)  components. ^  The  calculation  of  crystallinity  Xg  from  the  relative 
areas  of  the  Gaussian  polyethylene  components  followed  the  method  of  Gopalan  and 
Mande lkern : ^ 

XC  =  (A110  +  ^OO^AllO  +  a200  +  Aamorph^-  (3) 

5.  EASTABROOK,  J.  N.  Effect  of  Vertical  Divergence  on  the  Displacement  and  Breadth  of  X-Ray  Powder  Diffraction  Lines.  Brit.  J. 

Appl.  Phys.,  v.  3.  1952,  p.  349. 

6.  DESPER,  C.  R.  Computer  Programs  for  Reduction  of  X-Ray  Diffraction  Data  for  Oriented  Polycrystalline  Specimens.  Army  Materials 
and  Mechanics  Research  Center,  AMMRC  TR  72-34,  November  1972. 

7.  GOPALAN,  M.  R.,  and  MANDELKF.RN,  L.  Degree  of  Crystallinity  of  Linear  Polyethylene  Prom  Wide-Angle  X-Ray  Diffraction. 

Polymer  Letters,  v.  5,  1967,  p.  925. 


Use  of  this  equation,  however,  ignores  the  effect  of  the  clear  lacquer  and  graphite 
coating  on  the  specimen  surface.  This  point  will  be  discussed  later  in  greater 
detail . 

Density  Determination 

Densities  were  determined  in  a  density  gradient  column  made  from  water  and 
isopropanol  at  23°,  using  glass  beads  of  known  density  for  calibration.  To  obtain 
crystallinity  values,  limiting  values  of  amorphous  and  crystalline  specific  volumes 
VA  and  Vq  of  1.170  and  0.999  cm3/g  were  used  based  on  the  data  of  Gopalan  and 
Mandelkern.^  The  resulting  formula  for  crystallinity  Xq  is: 

xc  =  (VA  -  1/P)/(VA  -  VC).  (4) 

GPC  Determinations 

Molecular  weight  characterization  was  accomplished  using  the  Waters  Model  150-C 
Gel  Permeation  Chromatograph.  The  polymer  specimens  were  dissolved  in  trichloro¬ 
benzene  (TCB)  and  run  at  135°C.  Two  chromatograms  were  obtained  for  each  sample 
solution.  Data  were  analyzed  against  known  calibration  standards  using  an  on-lin' 
microprocessor. 

SAMPLES 

Samples  of  DF  container  material  which  were  studied  in  previously  reported  work* 
were  available  for  comparative  characterization.  Using  the  terminology  of  the  earlier 
report,  these  samples  were  denoted  by  both  their  history  and  nominal  thickness  in  mm. 
In  terms  of  history,  the  samples  fall  into  three  classes: 

1.  OLD  -  sheets  stocked  from  1973  production  runs; 

2.  NEW  -  sheets  stocked  from  1977  production  runs;  and 

3.  EXPOSED  -  two  cannisters  which  were  fabricated  in  1973,  filled  with  DF  liquid 
from  that  date  to  1981,  then  drained  and  rinsed  with  water. 

Samples  are  also  designated  by  nominal  thickness,  either  1.5  mm  or  6  mm  for  different 
parts  of  the  cannister,  although  the  same  polymer  resin  was  used  in  each  instance  for 
both  thicknesses. 

The  above  sarnies  were  fabricated  from  the  same  resin  grade  (Marlex  M407MQ, 

Philips  Petroleum  Co.),  reportedly  a  copolymer  of  ethylene  and  butene-1,  the  ethylene 
being  the  major  constituent.  Presumably  the  butene-1  constituent  polymerizes  to  leave 
ethyl  side  groups  pendent  on  a  largely  linear  polyethylene  molecule.  However,  this 
resin  grade  has  recently  been  superseded  by  a  new  grade,  Marlex  M445,  reportedly  a 
copolymer  of  ethylene  and  hexene-1  having  quite  similar  properties.  For  the  M445 
these  short-chain  branching  deliberately  introduced  by  incorporation  of  the  comonomer 
would  consist  of  butyl  groups  rather  than  ethyl  groups.  Both  resins  fall  in  a 
general  class  of  polyolefins  described  as  "Linear  Low  Density  Polyethylenes,"  or 
LLDPE's.  In  actual  fact,  these  resins  are  of  medium  density,  around  0.94  g/crn-^,  com¬ 
pared  to  density  values  around  0.92  for  low  density  polyethylenes  (LDPE's)  containing 
extensive  long-chain  branching,  or  to  values  around  0.96  for  high  density  polyeth¬ 
ylenes  (HDPE's)  which  are  essentially  free  of  branching  of  either  the  short-  or  long- 
chain  type. 


A  series  of  standard  samples  of  varying  branch  content  were  also  available  for 
calibration  purposes.  The  polymer  resins  were  extensively  characterized  using  methods 
described  by  Billmeyer®>^  and  Williams^  and  made  available  to  the  polymer  science 
science  community  in  the  1960's  by  the  Plastics  Department  of  E.  I.  DuPont  de  Nemours 
&  Co.,  Inc.,  Wilmington,  Delaware.  These  samples  are  labeled  "University  Contact 
Polyethylene"  and  are  numbered  PE-75,  -76,  -78,  -79,  -80,  -81,  “82,  and  -85.  Charac¬ 
terization  data  is  available  in  the  work  of  Bodily  and  Wunderlich.*!  The  last  resin 
of  this  series,  PE-85,  is  an  essentially  linear  polymer.  Two  other  linear  polyeth- 
ylenes,  Marlex  6007  and  Chemplex  6109,  were  also  incorporated  into  the  study.  All  of 
the  standard  samples  were  available  as  pellets  which  were  compression  molded  at  170° 
to  films  of  0.2-mm  thickness. 

In  this  study,  the  DF  container  samples,  which  were  available  as  thick  sheets, 
were  prepared  for  X-ray  studies  by  microtoming  a  section  of  0.2-mm  thickness,  which 
was  subsequently  heat-relaxed  by  melting  briefly  on  a  glass  slide  resting  on  a  hot 
plate  at  170°.  This  treatment  was  necessary  to  relieve  the  residual  stresses  pre¬ 
viously  reported^  in  these  materials. 

The  samples  were  further  prepared  for  X-ray  diffraction  studies  by  applying  a 
thin  coating  of  graphite  to  one  side.  The  graphite  was  applied  by  first  spraying  the 
surface  with  a  clear  lacquer  (Illinois  Bronze,  Federal  Stock  No.  8010-515-2487),  then 

dusting  with  graphite  powder  and  spreading  the  powder  evenly  with  a  cotton-tipped 

applicator . 

RESULTS  AND  DISCUSSION 

Molecular  Weight  Determinations 

The  gel  permeation  chromatograms  for  the  three  resins  are  shown  in  Figure  4,  and 
the  computed  results  are  given  in  Table  1.  The  results  for  two  of  the  resins,  the 
197_7  version  of  M407MQ  and  the  replacement  grad^  M445 ,  are  remarkably  similar  in  terms 
of  Mn  and  Mw.  There  is  some  difference  in  the  Mz  values  but  probably  not  enough  in 

relative  terms  (roughly  350,000  compared  to  370,000)  to  be  a  cause  for  concern.  Com¬ 

pared  to  the  earlier  resin,  M407MQ  vantage  1973,  both  resins  are  somewhat  lower  in 
molecular  weight  in  terms  of  Mn  and  Mw.  The  most  significant  difference  in  the  data. 


Table  1.  POLYETHYLENE  MOLECULAR  WEIGHT  CHARACTERIZATION 
BY  GEL  PERMEATION  CHROMATOGRAPHY 


Designation 

Resin 

Mw 

Mz 

Mw/Mn 

OLD  -  6  mm 

M407MQ  (1973) 

29,300 

30,500 

172,300 

174,100 

369,000 

377,000 

5.88 

5.71 

NEW  -  6  mm 

M407MQ  (1977) 

20,500 

22,100 

156,700 

160,300 

348,000 
351 ,000 

7.64 

7.25 

M445 

M445  (1982) 

22,200 

23,100 

163,400 
161 ,700 

370,000 

367,000 

7.36 

7.00 

8.  BILLMF.YER,  F.  W„  Jr.  Characterization  of  Molecular  Weight  Distributions  in  High  Polymers,  i.  Polym.  Sci.,  C8,  1965,  p.  161. 

9.  BILLMEYER,  F.  W.,  Jr.  Test  book  of  Polymer  Science.  Wiley  Intcrscience.  New  York,  Ch.  3,  1971. 

10.  WILLIAMS,  D.  J.  Polymer  Science  and  Engineering.  Prentice-Hall,  Englewood  Cliffs,  New  Jersey.  Ch.  1,1971. 

11.  BODILY,  D.,  and  WUNDERLICH,  B.  Thermodynamics  of  Crystalline  I. inear  High  Polymers.  IV.  The  Effect  of  Ethyl,  Acetate,  and 
Hydroxyl  Side  Croups  on  the  Properties  of  Polyethylene.  J.  Polym.  Sci.:  Part  A-2,  v.  4,  1966,  p.  25. 


in  fact,  is  the  high  ^  value  of  29,900  for  the  earliest  resin,  compared  to  values  of 
21,300  and  22,700  for  the  two  later  resins.  Thib  difference  is  large  enough  to  be  of 
concern  in  terms  of  its  possible  effect  on  physical  properties  and  long-term  storage 
behavior  as  a  DF  container  material.  The  prime  concern  would  be  in  terms  of  resis¬ 
tance  to  environmental  stress  cracking,  since  low  molecular  weight  is  known,  in 
general,  to  have  an  adverse  effect.  The  literature  does  not,  however,  contain  infor¬ 
mation  of  sufficient  detail  to  permit  drawing  conclusions  about  the  effect  of  differ¬ 
ences  in  the  molecular  weight  distribution.  We  are  therefore  forced  to  rely  on  the 
results  of  exposure  tests  for  each  particular  resin  grade.  However,  the  close  simi¬ 
larity  in  molecular  weight  values  between  the  M407MQ  1977  resin  and  the  M445  resin 
leads  us  to  predict  that,  barring  significant  differences  in  other  parameters,  these 
two  grades  will  perform  in  similar  manner. 


Increasing  Molecular  Size 


Characterization  of  Branch  Content 


The  apparent  branch  content  (CH3/IOOC)  from  infrared  measurements  is  correlated 
for  the  standard  samples  with  the  lattice  parameters  a  and  b,  and  with  the  plane 
spacing  djjg  in  Figure  5.  Least  squares  straigl  lines  drawn  through  the  data  yield 
the  equations: 

(CH3/IOOC)  -  30.17  (a  -  a0) ,  (5) 

(CH3/IOOC)  =  103.03  (b  -  bQ),  and  (6) 

(CH3/IOOC)  =  91.80  (d110  -  d1100)  (7) 

where  the  constants  a0,  bQ,  and  d^Q  q  are  the  intercepts  corresponding  to  the  X-ray 
parameters  of  a  linear  polyethylene.  The  values  of  the  three  constants  are  7.404, 
4.935,  and  4.107  A,  respectively. 

The  X-ray  data  for  the  three  resins  of  unknown  branch  content  are  used  with  the 
correlations  of  Figure  5  and  equations  5  through  7  to  calculate  their  branch  contents. 
The  results  are  given  in  Table  2. 

Data  for  several  of  the  samples  were  replicated,  allowing  an  estimate  of  the 
precision  of  the  lattice  parameter  determination.  It  was  found  that  dj^o  is  deter¬ 
mined  to  a  standard  deviation  (a)  of  0.001  A,  while  the  standard  deviation  of  an  a 
or  b  determination  is  0.004  a.  However,  when  these  values  are  used  in  conjunction 
with  the  slopes  of  equations  5  through  7,  as  summarized  in  Table  3,  the  standard 
deviations  of  the  branch  content  are  found  to  be  nearly  equal  for  the  a  and  d}jo 
correlations,  but  much  higher  for  the  b  correlation.  The  key  factor  is  the  fact  that 
the  a  correlation  has  the  lowest  slope  (equation  5),  reflecting  the  fact  that  the  a 
dimension  of  the  unit  cell  expands  over  three  times  more  rapidly  than  b  with  increas¬ 
ing  branch  content.  Thus,  although  a  and  b  are  determined  to  about  the  same  preci¬ 
sion,  about  three  times  as  much  error  propagates  into  the  branch  content  value  when 


Table  2.  1 

3RANCH  CONTENT 

FROM 

LATTICE 

PARAMETER 

MEASUREMENTS 

O 

Estd. 

O 

Estd. 

O 

Estd. 

Resin 

a,  A 

(CH3/IOOC) 

b; 

,  A 

(CH3/IOOC) 

d110’  A 

(CH3/IOOC) 

M407MQ  (1973) 

7.432 

0.85 

4. 

.943 

0.78 

4.116 

0.86 

M407MQ  (1977) 

7.434 

0.91 

4. 

.946 

1.09 

4.118 

1.04 

M445  (1982) 

7.432 

0.85 

4 

.945 

0.99 

4.117 

0.95 

Table  3.  PROPAGATION  OF  ERROR,  LATTICE  PARAMETER/BRANCH 
CONTENT  CORRELATION 


Ordinate 

Abscissa  0 

(Abscissa)* 

Slope  of 
Correlation 

0  (Ordinate)* 

(CH3/IOOC) 

a 

0.004  A 

30. 17%/ A 

0.12% 

(CH3/IOOC) 

b 

>0.0C1  A 

103.03%/A 

0.41% 

(CH3/IOOC) 

dl  10 

0.001  A 

91 .80%/A 

0.09% 

♦Standard 

deviation  values 

are  absolute, 

not  relative. 

Figure  5.  Lattice  expansion  versus  side-chain  content  in  polyethylene 


10 


using  the  b  correlation  in  place  of  the  a  correlation.  On  the  other  hand,  the  param¬ 
eter  dug  is  also  much  less  sensitive  to  branch  content  than  is  a_t  but  djjg  is  deter¬ 
mined  to  greater  precision,  since  the  reflection  is  the  sharpest  and  most  intense  of 
the  polyethylene  diffraction  lines.  The  two  effects  tend  to  cancel  out,  resulting  -  - 

in  comparable  precision,  on  the  order  of  0.1%,  for  the  branch  content  when  determined  • 

from  either  the  a  or  d^g  correlations. 

At  this  point  it  is  appropriate  to  examine  the  results  for  the  three  unknown  resins 
and  ask  whether  there  are  significant  differences  between  them  in  branch  content.  The  V  ‘ 

results,  shown  in  Table  4,  are  most  instructive.  Using  the  a  correlation,  the  average 
branch  content  for  the  three  unknown  resins  is  0.87  with  a  standard  deviation  of  0.03  .• 

CH3/IOOC.  However,  in  Table  3  the  estimated  precision  of  such  a  determination  is  0.12 
CH3/IOOC;  in  other  words,  the  three  unknowns  agree  with  each  other  to  a  precision 
better  than  the  predicted  precision  of  the  determination.  The  same  pattern  is  seen 
for  the  results  (Table  4)  of  the  b  and  djjg  correlations.  This  could  be  fortuitous,  \ 

but  a  better  explanation  may  be  offered  by  the  data  in  Table  5,  in  which  parameters 
characterizing  the  sharpness  of  the  diffraction  lines  and  the  signal/noise  ratio  of  • 

the  diffraction  peaks  are  listed.  The  low  density  resins  (PE-75  through  PE-80)  show 
broad  diffraction  lines  and  low  signal/noise  ratios,  while  the  linear  high-density 
resins  (PE-85,  6007,  and  6109)  give  sharp  lines  and  higher  signal/noise  ratios.  The 


Table  4.  STANDARD  DEVIATIONS*  OF  BRANCH  CONTENT 
DETERMINATION  OF  UNKNOWNS 


Ordinate 

Abscissa 

Average 

Ordinate 

0  (Ordinate) 

(CH3/IOOC) 

a 

0.87% 

0.03% 

(CH3/IOOC) 

b 

0.95% 

0.13% 

(CH3/IOOC) 

d110 

0.95% 

0.07% 

•Comparing  correlation  line  results  for  the 
three  resins  of  unknown  branch  content. 


Table  5.  FACTORS  INFLUENCING  PRECISION  OF 
DIFFRACTION  SPACING  MEASUREMENT 


Peak  Width  at  Half  Intensity  Peak  Signal/Noise  Ratio 


Sample 

(HO) 

(200) 

(no) 

(200) 

PE-75 

0.582° 

0.762° 

4.2 

1.1 

• 

PE -76 

0.508 

0.716 

5.1 

1.3 

PE-79 

0.528 

0.722 

5.2 

1.2 

PE-80 

0.522 

0.704 

5.9 

2.7 

PE-85 

0.338 

0.390 

23.2 

4.5 

6007 

0.334 

0.382 

17.5 

5.7 

• 

6109 

0.302 

0.384 

15.1 

3.8 

M407MQ: 

(1973) 

0.408 

0.460 

10.8 

4.1 

(1977) 

0.390 

0.434 

14.3 

7.3 

_  • 

M445 

0.402 

0.440 

13.7 

4.6 

three  medium  density  unknowns  fall  in  between,  but  closer  to  the  high  density  values 
of  line  breadth  and  signal/noise  ratio.  The  precision  of  a  lattice  parameter  measure¬ 
ment  will  be  influenced  by  both  factors,  with  smaller  line  breadth  and  higher  signal/ 
noise  ratio  favoring  greater  precision  in  a  lattice  parameter  value  and  in  the  result¬ 
ing  branch  content  value.  Thus,  the  precision  of  a  determination  is  not  uniform  over 
the  entire  range  of  branch  content  values.  Low  density  resins  will  give  less  precise 
results,  while  medium  and  high  density  resins  will  give  more  precise  results.  The 
excellent  agreement  in  Table  4  for  the  results  on  the  three  unknowns  is  not  fortui¬ 
tous,  but  reflects  the  greater  precision  inherent  in  the  method  at  lower  branch 
content  values. 

The  lattice  parameter  method  for  determining  branch  content  thus  becomes  more 
precise  in  the  range  where  the  infrared  method  (ASTM  D2238-68)  becomes  less  precise. 
For  comparison,  the  relative  precision  of  the  a  lattice  parameter  correlation  is  4% 
at  3  (CH3/IOOC)  and  3%  at  0.87  (CH3/IOOC),  while  the  ASTM  standard  for  the  infrared 
method  gives  an  estimated  precision  of  2%  at  3  (CH3/IOOC)  and  5%  at  0.3  (CH3/IOOC). 

The  accuracy  of  the  two  methods  must  be  considered  as  well  as  the  precision. 
Precision  refers  to  the  reproducibility  of  a  measurement  and,  generally,  takes  into 
account  random  errors  in  the  measurement.  Accuracy  refers  to  the  error  between  the 
determined  result  and  the  true  value,  and  thus  includes  systematic  error  as  well. 

There  evidently  can  be  a  great  deal  of  systematic  error  in  the  infrared  method,  since, 
although  good  precision  is  obtained  within  a  single  laboratory,  the  ASTM  standard 
reports  a  coefficient  of  variability  of  13%  to  30%  when  results  from  different 
laboratories  are  compared. 

The  measurement  of  polyethylene  lattice  parameters  by  X-ray  diffraction  is  also 
subject  to  the  possibility  of  systematic  error  arising  from  errors  in  instrument 
alignment.  For  example,  Table  6  lists  literature  values  for  the  a  parameter  of  lin¬ 
ear  polyethylene  which  range  from  7.385  to  7.45.  In  the  present  work,  however,  steps 
have  been  taken  to  eliminate  the  effect  of  such  systematic  error  on  the  branch  content 
determination.  First,  the  use  of  the  position-sensitive  detector,  which  records  data 
for  all  angle  values  simultaneously  rather  than  sequentially,  means  that  any  drift  in 
the  instrumentation  affects  the  entire  pattern  rather  than  skewing  a  portion  of  the 
pattern.  Second,  the  use  of  the  graphite  internal  standard  diffraction  line  minimizes 
the  effect  of  instrumental  variables  between  determinations  for  different  samples. 
Third,  the  use  of  standard  polyethylene  samples  run  under  the  same  conditions  as  the 
unknowns  means  that  absolute  accuracy  is  not  required  in  the  determination  of  lattice 
parameters.  The  diffraction  spacings  measured  here  could  be  in  error  in  absolute 
terms,  but  the  correlation  with  branch  content  is  still  valid  to  the  precision  of  the 
experiment . 

The  most  significant  area  for  improvement  in  the  method  is  in  the  standard  sam¬ 
ples.  A  wider  range  of  branch  content  values  in  the  standard  samples,  as  well  as  more 
accurately  known  branch  contents  would  be  valuable  for  improving  the  correlation  co¬ 
efficient  of  the  least  squares  fit  and  for  checking  for  curvature  in  the  correlation. 

Crystal  1  ini ty 

The  crystallinity  values  for  the  three  unknowns  and  for  the  standard  samples,  as 
determined  bv  density  and  by  X-ray  diffraction,  are  listed  in  Table  7.  Serious  dis¬ 
crepancies  are  evident  between  the  density  and  X-ray  crystallinities,  and  are  believed 
to  have  their  origin  in  the  graphite  and  lacquer  coating  applied  to  the  surface  to 
furnish  an  internal  reference  line  for  precise  measurement  of  lattice  parameters. 


Table  6.  LITERATURE  VALUES,  A  PARAMETER 
OF  LINEAR  POLYETHYLENE 


Author 


Table  7.  CRYSTALLINITY  VALUES  BY 
DENSITY  AND  X-RAY  DIFFRACTION 


Sample 


Density  p 
(g/cm3) 


Crystallinity,  Xc 
From  p  X-Ray* 


.9395 

0-61 8 

•9420 

0.624 

.940  g 

0.6  27 

.9143 

0.446 

.921  ! 

0.493 

•920  3 

0.48g 

.921  g 

0.49g 

•921  3 

O.495 

.  91 8  9 

0.478 

.91 7 1 

0.466 

.  951  2 

0.694 

.  953  2 

0.707 

•  962  o 

O.763 

‘Specimens  coated  with  clear  lacqer  and 
graphite.  Density  values  of  Xc  are 
preferred. 


12.  WALTER,  E.  R„  and  REDING,  F.  P.  Variations  in  l/nit  Cell  Dimensions  in  Polythylene.  J.  Polym.  Sci.,  v.  21,  1956,  p.  561. 

13.  COLE,  E.  A.,  and  HOLMES,  D.  R.  Crystal  lattice  Parameters  and  the  Thermal  Expansion  of  Linear  Paraffin  Hydrocarbons,  Including 
Polyethylenes.  i.  Polym.  Sci.,  v.  46,  1960,  p.  245. 

14.  SWAN,  P.  R.  Polyethylene  Unit  Cell  Variations  with  Branching.  1.  Polym.  Sci.,  v.  56,  1962,  p.  409. 

15.  WUNDERLICH,  B.,  and  POLAND,  D.  Thermodynamics  of  Crystalline  Linear  High  Polymers.  II.  The  Influence  of  Copolymer  Units 
on  the  Thermodynamic  Properties  of  Polyethylene.  I.  Polym.  Sci.  A,  v.  1,  1963,  p.  357. 

16.  ZUGENMAIER,  P.,  and  CANTOW,  H.  I.  Indication  of  X-Ray  Wide  Angle  Reflexes  of  Substances  of  Orthorhombic  Unit  Cells.  Mea¬ 
surements  on  Polyethylene  and  Ethylene-Propylene  Copolymers.  KoUoid-Z.  Z.  Polym.,  v.  230,  1969,  p.  229. 

17.  K A VESH,  S.,  and  SCHULTZ,  J.  M.  Lamellar  and  Interlamellar  Structure  in  Melt-Crystallized  Polyethylene.  I.  Degree  of  Crystallinity, 
Atomic  Positions,  Particle  She,  and  Lattice  Disorder  of  the  First  and  Second  Kinds.  I.  Polym.  Sci.:  Part  A-2,  v.  8,  1970,  p.  243. 

18.  WUNDERLICH,  B.  Macromolecular  Physics.  Academic  Press,  New  York,  v.  1,  1973,  p.  1,  3-154. 


This  coating  evidently  contributes  diffuse  intensity  (in  addition  to  the  sharp  graphite 
line,  whose  intensity  is  accounted  for)  in  the  region  of  the  amorphous  polyethylene 
maximum,  invalidating  the  X-ray  crystallinity  values  by  making  them  generally  lower 
than  the  true  crystallinities. 

For  comparison,  Table  8  lists  crystallinity  values  determined  by  both  the  density 
and  X-ray  methods  for  six  DF  container  samples  previously  studied. 1  The  two  sets  of 
crystallinities  are  essentially  in  agreement,  even  though  the  X-ray  method  suffers 
from  greater  scatter.  The  average  crystallinity  of  the  six  samples  is  O.627  +  0.01  by 
density,  and  0.62  ±  0.03  by  X-ray  diffraction.  The  scatter  in  the  X-ray  crystallin¬ 
ities  is  believed  to  lie  in  errors  associated  with:  (a)  separation  of  the  broad,  low 
amorphous  intensity  curve  from  baseline  intensity,  and  (b)  separation  of  the  (110)  and 
(200)  diffraction  peaks  from  the  amorphous  peak.  Obviously,  the  X-ray  method,  based 
on  the  calibration  of  Gonalan  and  Mandelkern?  is  valid,  but  the  density  method  of 
determining  crystallinity  is  preferred. 


Table  8.  COMPARISON  OF  DENSITY  AND  X-RAY  VALUES 
OF  CRYSTALLINITY,  DF  CONTAINER  SPECIMENS 


Sample 

Density  p 
(g/cnr ) 

Crystallinity,  Xc 
From  p  X-Ray* 

OLD  -  1 .5  mm 

0.9396 

0.61s 

0.60 

OLD  -  6  mm 

0.9394 

0.61? 

0.67 

NEW  -  1 . 5  mm 

0.941] 

0.628 

0.63 

NEW  -  6  ran 

0.9430 

0.641 

0.59 

EXPOSED  -  1.5  mm 

0.9420 

0.634 

0.62 

EXPOSED  -  6  mm 

0.9402 

0.622 

0.58 

Average 

0.940g 

0.627 

0.62 

Standard  Deviation 

O.OOI3 

0.01 

0.03 

♦Reflection  method,  no  coating. 


The  density  values  listed  in  Tables  7  and  8  for  the  1973  and  1977  vintages  sam¬ 
ples  of  container  material,  and  for  the  replacement  resin  M445,  all  lie  within  the 
range  0.939  to  0.943  g/cm^  given  in  the  specification  MIL-P-51431  (EA)  for  these  con¬ 
tainer  resins.  In  fact,  the  small  differences  observed  between  the  six  samples  of 
Table  8  may  not  be  particularly  significant  compared  to  experimental  uncertainty.  The 
six  vary  by  a  standard  deviation  of  0.0013  g/cnH,  while  replicate  determinations  of 
different  specimens  of  a  single  independent  sample  yielded  a  standard  deviation  of 
0.0006  g/cnH.  Thus  the  difference  between  the  six  samples  of  Table  8  is  only  twice 
the  experimental  uncertainty.  For  all  practical  purposes,  the  six  container  samples 
of  Table  8,  and  the  replacement  resin  M445,  have  identical  density  values. 


CONCLUSIONS 

The  three  resin  grades  studied  -  M407MQ  vintage  1973,  M407MQ  vintage  1977,  and 
M445  vintage  1982  -  proved  to  be  remarkably  similar  materials  in  terms  of  molecular 
weight  and  branch  (comonomer)  content.  Although  this  is  evidence  of  product  con¬ 
sistency  on  the  part  of  the  vendor,  a  clear  need  remains  for  close  monitoring  of 
materials  parameters  to  meet  the  requirements  for  DF  containers.  The  determination 
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of  molecular  weight  distribution  by  gel  permeation  chromatography  is  a  far  better 
guide  than  the  melt  flow  index  and  is  recommended  for  inclusion  in  a  materials  speci¬ 
fication.  Precision  determination  of  lattice  parameters  appears  to  offer  the  possi¬ 
bility  for  more  accurate  measurement  of  side  chain  content,  particularly  at  the 
level  of  approximately  1  CH3/IOOC,  or  0.5%  comonomer  content,  which  is  of  interest 
for  the  ethylene/butene-1  and  ethylene/hexene-1  copolymers  in  the  LLDPE  class  of 
polyolefins.  The  X-ray  lattice  parameter  method  has  the  potential  for  better 
characterization  of  these  materials  for  branch  content  than  the  presently  used  in¬ 
frared  method.  However,  characterization  of  crystallinity  by  the  established 
density  method  is  the  best  choice  for  this  purpose. 

Once  these  three  parameters  (molecular  weight  distribution,  branch  contents,  and 
density)  are  established,  the  properties  of  the  polyolefin  material  (aside  from  pro¬ 
cessing  effects)  are  fairly  well  defined.  The  question  of  long-chain  branching  has 
not  been  addressed  here  since  this  parameter  is  difficult  to  assess  experimentally. 
However,  the  LLDPE  class  of  polyolefins  is  generally  believed  to  be  essentially 
believed  to  be  essentially  free  of  long-chain  branching,  as  are  HDPE's,  by  the 
nature  of  the  polymerization  reactions  used.  Only  LDPE's,  polymerized  by  the  high- 
pressure  free  radical  mechanism  are  believed  to  contain  significant  amounts  of 
long-chain  branches,  which  have  strong  effects  on  the  physical,  mechanical,  and 
rheological  properties.  The  density  specification,  however,  is  judged  to  cover 
any  possibility  of  long-chain  branching.  A  polyethylene  with  a  significant  level 
of  long-chain  branch  content  will  always  have  a  density  considerably  lower  than 
the  specification  range  of  0.939  g/cm^  to  0.943  g/crn-^. 

In  terms  of  resin  performance,  characterization  of  the  three  resins  indicates 
that  all  are  in  the  range  of  molecular  weight,  density  (crystallinity),  and  branch 
content  for  optimum  resistance  to  environmental  stress  cracking.  The  two  later 
resins ,  M407MQ  (1977)  and  M445,  are  somewhat  lower  in  number  average  molecular 
weight  Mn  than  the  original  M407MQ  of  1973.  Whether  this  will  have  a  significant 
effect  on  environmental  stress  cracking  in  DF  containers  is  best  determined  by 
exposure  tests  which  are  in  progress  at  the  Chemical  Systems  Laboratory. 

ACKNOWLEDGMENTS 

T..e  author  wishes  to  gratefully  acknowledge  the  contributions  of 
Dr.  Gary  L.  Hagnauer  and  Mr.  David  A.  Dunn,  who  provided  the  GPC  data,  and 
Ms.  Judy  Brodkin,  who  provided  the  density  data. 


I 


I)  <L  13 

Z  >  4. 

_)  11  3 

:  u  T3  j  ■■ 

o  o  c 

^  O 

2  *J  HJ  13 

X  4.  x: 

:  O'  ii  u  . 

-  C  D  *J 

0  •—  O  <tJ  *->  ■ 

:  "c  -C  aj  i.  i 

.j  <u>  *■>  u  o 

0»  qj  cp  -C  . 

u  —  £  ^ 


^  ~  5  ~  5  ~ 

^*1  £3  "X  >>  -J  v* 


“  ■a 
v  -o  •->  < 
■tj  —  —  c 


i  >>  >,  cp  4->  _ 

I  CT>  <0  C  U 

I  O  4-  •<“  T> 


X  4.  Q,  - 
'  w  •O  *  i; 
EX 


o  o 

>  <u »-  £  —  : 

_C  —  L/>  *_> 

■  *J  m  Cl 

j  **-  </»  O  O  I 

:  o  >*  *  <■ 

j  4_  *->  .Q  i 

J  >,  O  C  TO 


•  3  T3 

•  C  TD  SL> 

op  <-  O  *  >i 

i  <o  x  —  «-> 


Q.  *-  X  — 

C  4.  c  ^  — 

•—  C  C  -  13 


-  is  3.  3^  >> 

4->  4-  4.  C  4- 

■  v>  O  O  O  J 


•  Oj  O  T3  T3 

•  e  0>  O  >s 

ic  a  L£  r 

■  ■«-  13  *->  Q 

I  Qj  4.  Qj  U 


.  4->  O  VI  > 

»  a.  a.  «o  oj 

;  3  o  ai  v-  - 


O  13  T3  c  I 
j  •—  a>  4*  »o  < 
:  x:  4.  a.  x:  ! 

-  5  cno*Jj 


•«“  «a  O 

C  O'  +-> 

I  O  C  V>  .X  13 

:  —  3  u  e 

•  +j  4-  O  3  O 

4.  3  —  V>  4- 

•  O  <s*  >  -c 

l  Q.  <tj  Qj  >t  u 

i  O  qj  4-  .a 

a  c  a.  c 

i  a.  cp  o 

4.  w  c 

1  4-  O  JZ  •—  4-> 

1j  4-  *j  r  -o 

*j  u  o» 

13  "O  C  C  E 

Qj  Qj  13  u  4. 

4-  Cl  -£Z  4.  Qj 

cp  o  +j  d  a 


3  Z  — «  ►—  QJ 
’  O  CD  U  Q. 
'  —  <  «A 

3  *-  cr  oc  a> 

:  «*  o  «t  o 


•*-  U  •■- 

:  *j  4.  >>^ 

I  -UJ  13  X)  3. 


:  u  cpu  4 

•  <D  -r-  C  C 

:  4  ii  r-  <u 

>  13  *  E  *J 

:  £  4-  c 


3  .—  0/0/ 

•  3  id  r 
:  T)  g  *-> 
■  O  Hi  >, 

C3  -C  .—  4->  4- 

=  t*  9  •=  .? 


:  —  x  *j  vi 
**  +-»  v>  qj 
o.  cr  >,  4- 
-  4-  C  4- 
^  O  O  4J  4- 

ol  —  O 

*  -Q  U  "O 

:  *3  c  *— 

3  -  13  O 

}XJ3  i- 

:  U  O  >>W 
3  V  £:  JC  C 

u  «  ao 

J  4  U  u  U 
:  £  4. 

j  c  a>  >, 

—  'CO*-* 


■  3  u  E  u 
-0  3  0  3 
i  -  ui  4  a 


o  v  c 

3  C  C  E  0/ 

H  U  1)  4  IP 

i  -c  4-  ai  >/» 

3  W  d  0/ 


V'  C  O  =  I 

s,  a>  i  c 

CT  -  -O' 

-TJ  3  O)  O  4. 

s-  *->  a  ■-  \ 

O  13  —  >  i 

*-»  4»  O  C  I 

i/i  dj  *->  (j  Cj  I 


vi  O  O 
ai  r  U  4  - 
—V'  4-0 

«->  T3  >, 

4-  O  —  '  V>  - 

a>  <-  oj  4  =  - 


Imp  C  ■- 

—  T3  O  O  S 

-o  c  E  u  kt  + 

•—  dj  di  ■' 

4  *j  n  ai  w  ; 

qj  x  x:  c  TJ 

v  ai  w  -  n  t 

U  >*-  —  4 

E  4  U  I’D  C 

Oi  Qj  C  : 

Oj  >  2  O  13  : 

-c  O  O  >>  u  - 

*->  £  —  C 

ifl  O  O1  C 

cp  Q;  cl  c  c 

C  T3  V>  ■—  L 

—  a>  <n  v 


qj  u-  ip  o  Q-  : 
T3  -  J 

Tl  4.  C7U-*  » 

*-l  O  c  V'  ( 

U  _J  •—  o 

T3  C  4-  O  “  i 

Qj  O  'O  13  Qj  ' 

E  £  u  4  r 


:  cr  qj  u  j 

■  CT3*> 

3  r-  O  13  I 

:r  £  I)  i.  I 
;  u  w  4.  O  •■ 
Qj  Qj  CP  -C  4 
j  —  £  v»  ■ 

3  on  i 

-  >,  C  4.4-- 

^  1 —  OHO! 

£3  —4- 
J  T3  *J  4-  C  4 

-  E  4J  O  O  l 

)  3  U  ■-  ' 

:  ip  4  £  *j  1 

1  Qj  4—  (J  TO  ' 

U  4-  •—  rsj  j 

'  O.  —  _C  —  v 

J  T3  X  W 

J  QJ  4 

3  >,  4,  Di4J  J 

3  CP  U  C  O  ! 

3  O  4.  •-  -T3  ■< 

-  —  l  SZ  4.  ( 
j  O  X  4J  13 

:  -C  c  £1 

-  CL  C  T>  O  ! 
4-  C  4. 


•  C  T3  ■ 

J  —  V>  —  O  ' 
:  13  lj  D  X  ' 

j  4->  •—  x;  *-»  i 

c  i/>  *->  o  Qj 

j  >>  = 

:  U  Qj  j 

U  C  4.  C  4 

—  O  O  ■' 

3  Qj  —  -C  — 

£  -  ui*J 


1  >i  u  c  u 

)  *->  4.  3 

3  Qj  O  T3  i 

4-  4J  £  Qj  i 

■,  13  C  U  4  J 


L  C  CP 

►,  QJ  O  C  lP  J 

j  x:  3  i 

4->  4-1  U  O 

►  4.  3  •—  I 

.  o  IP  > 

i  Q.  CL  13  Qj  : 

:  3  O  O'  W  J 

3  4  4  £  a 


quality  control  of  resins  for  the  intended  application.  essential  to  quality  control  of  resins  fo»  tnp  intended 


°  -  £  s  i : 

0>  0-  <b  c 

O’  4.  1-0  1 

T3  3  0/  O  4.  I 

o  a  a  —  I 

O  TJ  —  > 
a  O  o  TJ  C 
i/I  O'  a  l_l  0/ 
Q.  — 
o  S  0/  E  o 
o  0)  i-  o  a 
a  a  3  £ 

—  u  o> 
■a-*-'—  u 
a-  tj  tj  c  c  • 
1-  a  TJ  TJ 

■ss-st;. 

O'—  O  — 


—  o 

/  O  O  i/i  — 

a/  c  -*-* 

■  C  «  41  A 
>00*00 
■—  'TJ  — 


•  -  a.  u'  i/O 

— •—  o  c  •- 

—  w  o  1-  ■ 

-T‘  “  O  —  O  * 

w°  Q  •*  >,  -/ 

<£  £ 

— I  O  >N  a  */>  * 

<_)  0/  0/  */i 

Z  *“  >>  0/ 


>  O  o  i/I  — 
a>  c  *-> 
c  a  ai  tj 
10  0*00 
—  TJ  — 

:  a  i- 

i  «j  ti  £i  a 


■—  i/1  O  O  < 

*j  *o  >. 

O  o  •—  •**/>- 

a»  —  a>  o  h  - 

at  j<  4  v  - 

O  4)  •-  C  Jj  i 

O  a—  —  a  i 


i/>  0/  t/J  C  — 

—  ■0  00  £ 
<TJ  C  =  O  ■/*  ♦ 

■«-  a>  o»  •*■ 

1-  *J  D  HJ«  j 

Oi  X  £  C  U 
a  di  a  —  *0  t 

TJ  a  —  1 

s  o  *o  o  tj  g 

<u  a>  —  c  c 

4)  >  J  O  tj  : 

£  O  O  >1  u  - 

a  .c  —  c 

— *  w*  o  cy»  c 

O'  Oi  £X  C  c 
C  TJ  */*  —  v 

•*-  —  a»  a>  vi 

E  o  —  £  —  c 

o  o  "O  S  s 

0  3  0  O  C 

*J  —  *J  V  L  >- 

O'  a  </»  o  a  ; 

*o  —  £ 

XJ  O  O’  a  ♦ 

a  a>  c  <3 

TJ  u  —  —  o 


—  Q.  O  ► 
T3  i/i 

o  • 

V!  £  O 

—  Q.C  Ol  - 

—  O  O  i 


j  qj  tj  —  ^  ' 
E  tj 

I/I  • — -  £  *-*  Q/  , 

—  O’  c  >  ■ 

JC  L*.  •-  O)  ■-  * 

►-  o  £  E  a  . 


:  o  O’  o 

-  tj  —  c  c 

:  i.  a*  —  a> 

i  tj  i  E  u 

:  £  o  c 
joi-  a;  — 
-a 

1  . —  OJ  Oj 

•  3  O  -C 

:  u  u  a 

-  o  a*  >. 


n  a  ■/•  at 

a.  o>  >.  o 
-  l  c  1. 

3  O  O  O  a 

</>  —  O 

->  a  (TJ  T3 

:  tj  c  — 

3  *  TJ  O 

3  "O  o  o 

=  oj  a  >,-*-» 


i/»  £  TJ  — 
3  O  E  TJ 
0  3  0  3 
i  —  i/l  O  O* 


C71  O  — 
.  Ol  C  —  TJ 
>  £  —  ■*-»  •- 
-  a  _C  TJ  a 
O  0>  C 

>  c  c  £  Oi 

/  TJ  TJ  O  «/> 

j.  -C  o  a> 

>  *-*  £j  a.  tu 


’  o  a>  a  a 

1  •  <t  */j 

j  *-  a  a:  4i 

.  <  0<  D 


/  O  —CSJ  O 
-  «3T  CC 
j  a  uj  ►-  a 


:  u  o>  tj  tj 

-  <TJ  —  C  C 

:  u  <u  •—  a 

/  TJ  X  E  ■*-» 

:  -n  i-  c 

JO  i-  ai  — 

TJ  ■*■» 

j  —  <u  a» 

■  3TJ£ 


->  C.  —  i/> 

-  C  —  c 

3  O  —  TJ  — 

r)  4-«  i/i  4i 

acr>,L 

-  o  c  0 

3  0  0  0  1*- 

i/i  « —  o 

j  £3  TJ  *0 

Z  TJ  C  — 
3  '  TJ  O 

3  T3  T3  O 

:  (U  O  >1-0 

D  O  .C  ^  C 

q  «j  ao 
l>  i-  a>  tj  o 

r  >*-  E  i- 

j  c  oi  >, 

•—  TJ  O  *J 

71  -*->  •— 

Zt/IJCTJ  — 

-  3  O  E  TJ 

-  0  3  0  3 


CTO  — 

-  0/  C  —  TJ 
3  x:  •-  *j  - 

-  <J£  TJ*J 

o  o  c 
3  c  c  E  a» 

U  TJ  TJ  4-  i/1 
>£  i-  O  uo 
3  W  X3  a.  o 


—  a.  i/  a/ 

i*-  i-  *o  c 

—  oO  O  Ol 

—  o  — “ 

*zj  a  3  >< 


’Offlu  a 
■>  — •  «t 

?  t~  <x  a:  m 
!  <  O  «t  Q 


I*-  TJ  —  —  C 

O  >  X  O 

•/J  C  O  £ 

o>  o>  o>  c 

cr  w  o  o 

'0  3  0/0  0 

U  £3  - 

O  TJ  —  > 

*-/  O  O  TJ  C 

i/i  4i  *->  U  4/ 

a.  — 
s-  E  Oi  E  O 

O  4i  w  4MJ 

**-*->  3  x: 

—  O  41 

*0  4-*—  U 

41  TJ  T)  C  C 

U  *»-  <0  TJ  *< 


•—  */i  o  o 

*->  T3  >i 

1-0  —  '  i/>  ' 

Oz-O/UE- 
a  i-  0/  o  i 

O  4J  -  c  41  I 

v-  a—  —  *-<  i 
a  tj 
o  *'/*->  c 
tA  o«  «/>  c  •*- 

—  O  O  O  j 

<o  c  E  o  i/>  * 


E  1-  T3  Ol  -O  T 

0/  0/  —  C  { 

0/  >  X  o  >o  : 

-c  o  O  >.  o  » 

«->  x:  —  < 

— -  */>  o  cr  c 

C7>  a/  a  c  < 

C  O  u’  ■—  I. 
—  —  Qj  OJ  ^i 

E  o  —  £  •—  ( 

1-  O  *0  *-<  E  ( 

0/3  3  O  C 

*-*  —  *->>*-  l-  - 

4/  >*-  */i  o  a  : 

o  -  i 

D  1-  7*J  . 

*-*  0/  C  i/I  < 

TJ  O  ■—  —  ^ 

T3  C  1-  U  S 

o»  o  tj  tj  m  / 

EXTUJ  l-£ 


-  O’  c  > 

£s;f; 


l  TJ  4->  C  0/ 

<U  1-  O  5 

1  w  o  — 

i  o’x:  *j  • 

WJ  TJ  >, 


J  o  o  o  *o  o 

3  —  TJ  •— 

-  £  -*J  1-  >,— 

-  o  tj  tj  a  a 

-  •-  ivi  £  a 

-  £  —  O  C  TJ 

3  5  0  O 

QJ  «-»  ■—  XJ 
fc,  CJi  *-•  £  ♦-*  O) 
J  C  J  O'  TJ  TJ 
.  ■—  TJ  •—  C  C 
i  £  t-  a>  •—  at 

e  o  tj  5  E  *-> 
c  £  i-  c 

:  tj  u  i.  a;  — 

Co  <o  *-> 

a  —  4i  4i 

•  3  XJ  £ 

•£■00  «-» 
T  —  O  0/  >, 

U  TJ  £  r-  4-1  O 


:  o  c  4-»  <—  c 
•OO—TJ  — 
•  £  •—  5  4J  LI3 


'  o  o  C  U  o- 

1^  —  o 

.  4-j  a  tj  *o 

J  C  TJ  C  — 

-3  '  TJ  O 

J  Q  o  T3  o 

j  E  01  O  >1  4-> 

:  <TJ  o  £  £  £ 
•  tj  4->  a  o 

41  O  g>  TJ  O 


J£i/1£TJ  — 

•  —  3  O  E  TJ 

10  0  3  0  3 

.  3  —  */>  o  cr 

>  1/1  >  £ 

i-  TJ  Ol  >,  O  O 

>  oi  o  a  4-i 

.  E  a  c 

L  CTIO  — 

O  0/  C  —  TJ 

.  O  £  -  4->  — 


J  O  C  C  E  0/ 

J  4l  TJ  T)  o  m 

-  a  £  o  oi  i/> 

7>  o  4-i  a  a.  o; 


—  c*  iZ  Ol  O 

O-  •—  o  CO 

— •  ■•ZI  -  0-0 

./I  —  o  • —  o  * 

*z>  C3  J  >,  I_1  I 


J  z  — •  ►—  Oi 

">  o  ao  o  a 

’  •— •  c£  t/i 

j  t—  cc  a:  01 

.  «X  O  C  Q 


JO  <  •  ■  £ 
/  U  —  <M  o 
•  <  a  — 
ii  a  uj  h-  a 
j  «s; »—  ce 
3  x  3  <t  • 


-JKCOI4- 

/I  —  O  Oi  O 

a  —  >4- 

--  T>  4J  >4-  c« 

-  E  Oi  O  O 

3  3  TJ  - 

:  *^  o  £  «-i 

no-'*-  U  TJ 
O  o-  •—  m  . 
n  a  —  £  - 

Li  X3  5  O 

J  '  0/  • 

3  >,  >,  O'  a  . 

3  Cn  TJ  C  U 

3  O  o  —  tj 


l  •  C  -o  1 

u  —  1^1  -  O  ; 

:  tj  m  tj  r  - 

J  *-l  ■-  £  *J  I 

<  </>  4->  U  0/  i 

1/  E 

r  o  ai  a  j 

o  c  o  C  4 

—  O  O 
3  Ol  —  £  •—  : 


/a  i/i  O  O  1 

:  O  »,  i/i  ^ 

l  Oaa- 

>  >1  U  C  TJ 

>  a  i_  3 

)  —  0;  O  TJ  1 


-3  0/  O  < 

3  o' a  £  a  { 

/  Oi  O  a  c 

-5-  —  / 

3.  C  O' 

S  Ol  O  £  t/J  J 

/£---  31 

a  a  o  o  : 

'  0  3—* 

-  a  o  to  > 

1!  oam  oi  : 

i  3  O  0/  O  j 

j  O  o  E  a 

:  */i  a  t 
>  —  o  oi  « 

;  X3  1-  O  £  ■ 


O  TJ  TJ  C  1 

J  4i  4i  T3  i 

:  £  o  a  £  1 

-  5  O'  o  4—i  j 


1143343  ID  NO-  EI810543343 

BETTER  PIPE  SERVICE  VIA  UV-PROTECTED  PEROXIDE -CROSSLINKED 


DIALOG  FlleS:  COMPENOEX  -  70-82/Mar  (Copr.  Engineering  Index  Inc.)  SEE  7NEWS  (Item  8  of  68)  Usert1004  I9apr82  2782 


u 

C  V 

0 

o 

0 

< 

E 

. 

. 

0  0 

C  Me 

> 

0 

0  w 

— 

0 

— 

ex 

£ 

0 

in 

0 

N 

L  £ 

— 

0 

ex 

C 

0 

0 

4- 

n 

£ 

0 

£ 

Ui 

03 

< 

< 

3 

— 

i 

9 

— 

4- 

3 

p- 

■0 

C 

4- 

-i 

c 

CL 

m 

-X 

0 

0 

£ 

u 

0 

c 

— 

H- 

— 

U 

UJ 

u 

U 

u. 

c 

c 

c 

erf  . 

0 

0 

3 

c 

X 

►- 

J£ 

> 

C  Me 

c 

c 

0 

0 

0 

in 

a 

— 

0 

ex 

£ 

0 

o 

O 

Ui 

a 

£  0 

£ 

0  *0 

C 

in 

0 

a 

c 

ex 

— 

CD 

C 

Z 

le¬ 

U  T5 

ex 

01 

0 

J 

”0 

0 

0 

£ 

w 

£ 

H 

ft 

— 

0 

0 

. 

4- 

c 

0 

— 

c 

u 

E 

0 

O 

Z 

c  u 

0 

> 

C 

£ 

z*  X 

z 

0 

0 

£ 

— 

0 

0 

C 

H 

Ui 

UJ 

0  C 

£  ui  £ 

O  0 

o 

0 

e* 

C 

0 

V 

0 

— 

< 

z 

O 

0>  0 

ex 

03 

E 

—  a 

0 

0 

0 

X 

£ 

0 

0»  0 

• 

Ui 

o 

0  O 

O 

0 

in  0 

►— 

0 

£ 

E 

TJ 

♦X 

c 

ui 

u 

£  — 

•u 

£ 

X 

N 

o  a< 

— 

a 

r 

— 

a  £ 

a  o 

N 

>■ 

> 

0 

0 

0 

a  o  z 

0 

0 

0 

3 

c 

0 

c 

< 

z 

me  $ 

0 

£ 

a  £ 

e> 

ex 

U 

— 

£ 

0 

— 

• 

0 

CL 

£* 

c 

T3 

c 

U 

U 

o  a  z 

0 

0 

c 

E 

L. 

£ 

0 

U 

Ui 

ex 

« 

0 

*0 

s. 

u 

< 

a  £ 

0 

*-* 

TJ 

• 

0 

ex 

0 

£ 

>■ 

CM 

■O  o 

0 

c 

a  -x 

w 

X 

** 

*x 

0 

C 

5 

*w 

0 

£ 

£ 

< 

£ 

f4 

-  a 

£ 

X  0 

0 

u 

-X 

Ui 

0 

0 

£ 

0 

0 

4- 

£  ■ 

♦X 

0 

o 

i 

1 

3  £ 

0  £ 

o 

0 

-  u 

c 

— 

— 

— 

ex  0 

0 

(J 

u. 

a 

o 

a  - 

ex 

0 

£ 

•  0  U 

0 

c 

0 

0 

£ 

w 

0 

O 

CM 

-  V 

• 

0 

0 

U 

0  0  £ 

n 

— 

— 

0 

0 

£ 

0 

u. 

e- 

0 

> 

J 

£ 

M-  *x  u 

a 

X 

£ 

£ 

0 

C 

> 

C  £ 

• 

Ui 

o 

♦X 

0 

N 

0 

u 

0  u 

o 

£ 

0 

0 

— 

— 

0 

tfi 

U 

0 

a 

•  u 

0 

0 

w 

14 

£  0 

u 

£ 

— 

> 

0 

£ 

0 

o 

z 

o 

3 

>  3 

£ 

a 

£ 

0 

4-  • 

m 

0 

3 

0 

c 

>  TJ 

ex 

0 

03 

Ui 

z 

<  O 

*0  TJ 

U 

—  c  in  o 

X  « 

u 

• 

<0 

— 

— 

• 

£ 

H- 

00 

3  0 

4- 

C 

MODS 

— 

V) 

— 

c 

X 

in 

♦< 

m 

X 

« 

03 

♦A  £ 

0 

0 

£ 

0 

0 

•  ee 

u 

O 

0 

£ 

0 

o 

X  "0 

UJ 

m 

r- 

in  p4 

o 

0 

0  a£ 

£ 

£ 

r- 

a 

£ 

♦* 

JC 

3 

4- 

♦*  0 

z 

«“■ 

r-  X 

< 

e< 

0>  0 

♦X 

a 

•  -  in  z 

a 

u 

U 

0 

ex 

0 

-  Ew 

CO 

03  Ui 

CL 

£ 

r— 

-  0 

c 

£ 

U 

c  v  m  « 

00 

TJ 

0 

0 

£ 

0 

—  — 

—1 

CM 

U  X 

O 

3 

0  4- 

• 

e 

0 

£ 

0  Ui  -J 

« 

0 

♦X 

— 

£ 

0 

c 

0 

-  0 

> 

• 

• 

03  Ui 

♦X 

*3 

♦X 

C 

JC 

03-0  Z  O. 

a 

. 

■O 

c 

0 

0 

c 

£  - 

I  z 

CN 

CM  Z 

in  . 

u 

c  •*- 

0 

0 

£ 

0 

0 

3  ui  w 

0 

CM 

— 

« 

£ 

0 

0 

-  U 

►- 

o 

o 

-  H- 

in 

C 

m- 

0  3 

e» 

0 

0 

£ 

—  -J 

£ 

o 

3 

*x 

C 

4- 

o 

0 

— 

u 

UJ 

*- 

00 

O 

Ui 

1 

> 

E  0 

01  £ 

Q  0 

y  >- 

3 

S3 

0 

0 

< 

o 

4> 

c 

♦X 

3  • 

> 

in 

00 

a: 

0 

0 

0 

c 

— 

E 

c 

0 

0 

X)  - 

-J 

o 

• 

«  a 

>- 

£ 

c 

£  T5 

£ 

E 

U 

• 

• 

0 

0 

0 

E 

u 

0 

o  a 

* 

ui  O 

in 

CD 

c 

0  0 

T3 

c 

ui  03  0  O 

X 

u 

o 

0 

L. 

— 

£  0 

a 

a 

• 

03 

He 

0  o 

a  - 

*0 

r 

0 

c 

0  >  C 

£  Z 

0 

c 

3 

0 

— 

ax? 

• 

o 

ID 

1 

-X 

1  •• 

^x 

CM 

X  £ 

0 

0 

0 

>w 

£  _i  — 

u. 

we 

f4 

— 

£ 

c 

0 

a 

a  0  o 

w 

u 

a 

< 

> 

0  £ 

U 

0 

C 

u 

0 

0  O  JC 

N 

a 

0 

0 

0 

C 

c 

a  £  £ 

< 

• 

O  Ui 

t 

in 

« 

> 

0 

— 

£ 

0 

in 

£ 

CL  O 

e 

< 

. 

•a 

— 

0 

— 

0 

0 

ex 

a. 

•* 

z  u 

Z 

•— 

”0  u 

0 

0 

0 

0  •  0 

(j  a 

me 

c 

erf 

£ 

a 

4-  0 

z 

<N 

Z 

Ui 

. 

u 

a 

0 

> 

0 

0 

> 

0  w  L 

Z  U  CM 

a 

3 

3 

a  c 

o  e 

M 

O  Ui 

>. 

— 

c 

«-  c 

£ 

0 

—  £> 

M 

0 

— 

0 

£ 

£ 

* 

—  o 

2 

0 

U  CO 

£  0 

0 

a 

0 

a  -• 

•0 

0 

0 

0 

** 

0 

0  ** 

in 

-1 

M 

Q 

1  > 

in  n 

0  0 

we 

0 

E  m  c 

in  m 

— 

0 

£ 

£ 

— 

£ 

0  « 

a 

0 

< 

►- 

> 

a 

£ 

me 

• 

aa 

«. 

0 

0 

0  oc  o 

uj  a  ^ 

• 

0 

ex 

X 

ex 

£  0  O 

u  »- 

a 

Ui 

M 

V 

c 

03  CM 

0 

0 

e^ 

0 

C  T5 

0  o  - 

ui  a 

U  £ 

M 

0 

o>~ 

*- 

Z  UJ 

m 

> 

0  D 

c 

n 

£  0 

C 

w 

0 

C 

♦-  0 

we 

Ui 

C 

e* 

0 

0 

9 

a 

Ui 

_ j 

z 

a 

Ui 

o 

> 

0 

0 

— 

0  v  a  o 

in  u. 

wi 

0 

x  c 

U  £ 

♦- 

TJ  TJ 

0  Z 

< 

03  H- 

ui 

0 

£ 

o 

0  0 

0 

E 

> 

0  —  £ 

we 

< 

E 

£ 

0 

0 

0 

c 

£ 

DC 

C  Z 

CMO 

>. 

0 

E 

£  £ 

c 

C 

0J  £ 

£  DC  £ 

<  3- 

£ 

ex 

o> 

*x 

V 

— 

— 

£  0 

u 

*— 

o 

o 

03  Ui 

Z  o 

0 

>Z 

ex 

0 

0 

c 

ex 

3  U  0 

we 

z  a 

0 

0 

£ 

0 

0 

0 

0  D 

m  a 

dc  a 

O  DC 

►4 

c 

C 

— 

in 

0 

•ex 

£ 

0 

• 

♦*  1/3  U 

a  uj  a 

«- 

E 

o 

■0 

£ 

L 

£  C 

Ui 

M 

< 

—  M 

0 

0 

O  in 

C  «- 

0 

e- 

N 

>T3 

O  Ui 

Ui  o 

< 

£ 

0 

*x 

ex 

£ 

erf 

03  «  O 

> 

£> 

o 

0CDZQ. 

M  0 

me 

> 

0 

•— 

0 

0  o 

►- 

ee 

£3 

9 

0 

0 

0 

0 

0 

3 

— 

z 

M 

o 

X 

c 

£ 

0 

0 

£ 

A* 

aOT3 

ex 

E 

u 

£ 

£  « 

Ui 

♦* 

0 

0 

u 

a  d  «► 

Z 

4» 

r*> 

0 

c 

0 

0 

£ 

e  >  > 

w  in 

. 

0  o 

■o  «  c  ®  a 

a  0  C  a 

©  • 

OM 

z 

< 

4“ 

£ 

0 

0 

E  - - 

-j 

— 

©  CM 

c  0  o  u  c 

— 

-00 

TJ  0 

c 

0 

in 

a 

4- 

♦r  a 

< 

e— 

a  — 

0  4-  —  «  — 

£ 

—  £ 

<  ■ 

c 

0 

E 

in 

ID  C  - 

•  — 

0 

i 

ex  ex  4-  erf 

a  ©  © 

X  3 

°  s 

in 

£ 

CD 

*x 

0  0 

—*  a 

Ufr 

£  0  £  0 

a  x  o 

0 

0 

o 

9 

0 

< 

0 

■  C  £ 

0  UJ 

0  o 

0  0  E  3  0 

-  JO  c 

0  o 

0 

TJ 

c 

£ 

ur  4-  « 

0  e- 

Q 

ft  — 

0  a  £  0  U 

4- 

3 

£ 

C 

z  ^ 

— 

0 

V 

ex 

e  > 

—  < 

E 

E 

a  o  o 

0 

e< 

C  £ 

U 

UJ  < 

Z 

0 

-X 

O 

c 

0  0  0 

-  Z 

o  a 

■O  TJ  £ 

—  ex 

<»  oc 

Ui 

0 

U 

0 

X 

♦a  TJ  £ 

£ 

£ 

a  a  £ 

©00 

0 

2 

O 

•* 

0 

0 

0  £ 

0 

. 

TJ  03 

0  ex 

E 

o 

o 

£ 

0 

UI 

£ 

a  £  - 

a  • 

— 

>r- 

0  £ 

0 

0  0  E 

0 

0 

0 

m 

o 

C 

U 

♦A 

CL 

0 

3  a 

0 

Ui 

Z  03 

*-  £  TJ  4A  £ 

0  ®  — 

0  0 

0 

3 

2*; 

o 

9 

0 

£  0 

Z 

> 

©  -  —  e- 

C 

0  U 

—  O 

£ 

6 

<  in 

•* 

z 

0 

•u  >e 

Q.  0 

►4 

£ 

Jt  ft  O  — 

0 

0  0 

U  0 

ex 

Ui 

♦A 

V 

ex 

0  0—0 

0 

-J 

• 

CD 

O  £  >  X 

£ 

0  £  £ 

a 

0 

£ 

03 

0 

0 

9 

Me 

•— 

0  *-  £ 

—  0 

Ui 

TJ 

0  +*  TJ 

O 

c  a  ** 

0  £ 

0 

♦X 

0 

0 

o 

3 

0  c 

0  0 

a 

K 

£ 

— 

— *  c  *0 

® 

0 

TJ  3 

> 

fifi 

• 

c 

® 

3 

0 

£  0  CM 

U  £ 

— 

n  <  a 

TJ  V  0  0 

E 

0  0 

w- 

11 

0 

£ 

0 

0 

0  V  c 

—  ex 

a 

• 

cr  C 

c  -  c 

X  ■  x 

E 

0 

£ 

■O 

♦X 

03  £ 

ex  ® 

0  in 

o 

0  X  a 

©  0  ex  L 

£  0  — 

e-> 

ex 

£ 

0 

0 

C 

0  V  E  • 

>» 

Ui 

ex 

0 

ex  0  ®  0 

0 

ex  a  TJ 

©  a 

C 

«» 

ui 

a 

0 

Jt 

e  £  o  ~ 

£ 

Z 

0 

a 

©  TJ  £  C  U 

£ 

0  —  U 

-  0 

0 

X 

<2 

X 

c 

0 

C  CD  X 

a  * 

— 

in 

>  - 

£  0  —  ©  C 

ex 

>  a  — 

f 

• 

UJ  < 

o 

— 

m- 

£ 

—  Ol  0  0 

•  in 

CL 

a  £  TJ 

0  aa  -  o 

-  £ 

0 

e 

w 

— 

&  ¥ 

® 

£ 

H- 

£  0  £  ex 

Z 

— 

< 

•  • 

£ 

co  >  u 

0  Cr 

a  0 

0 

— 

0 

9  “ 

OI 

0 

c 

•O 

£ 

^  a 

—  in  r> 

Z 

** 

—  0 

0  -  £ 

aD 

—  ex 

£ 

0 

£ 

£ 

y 

0 

c  c 

*  m  »- 

03 

6 

a 

0  £  Me 

U  0  ex  © 

- 

0 

Q  O 

— 

ex 

0 

K 

ex 

£ 

—  0  0 

in  uj  in 

5 

£ 

3  TJ 

>  9  C 

>  O  ex 

0 

> 

0 

£ 

>  £ 

0 

♦A 

c 

a£  0  e 

*-  a  uj 

• 

in 

• 

a  a  ® 

0  ■  >  0 

w 

*-  0 

TJ  a 

c 

TJ 

0 

m  in 

0 

o 

01  0 

£ 

0  £ 

U  3- 

r“~ 

ID 

0 

O 

•O  ’O  -  - 

p 

0  • 

C  a 

0 

a 

*  Z  ^ 

Z 

m- 

E 

3 

c 

*0  >  0 

D  in 

— 

CM  CL 

c 

— 

.  ®  0  > 

c 

o  0 

0  0 

C 

a 

m  O  Z 

c 

*x 

0 

C  C  0 

O  CD  Z  00 

*  o 

0 

c 

0  c  4-  a  £ 

0 

ex  — 

O 

C3 

£  £ 

m 

0 

0 

0  E  m 

o  <  o 

id  a 

£ 

c 

• 

0  £  C  ex 

0 

®  TJ 

0 

0 

• 

CM 

O  5 

o.  0) 

*X 

£ 

ex 

ffi  0 

a  >-x  — 

- 

o 

— 

£ 

03  TJ 

a  0  a  o 

0  J 10 

C  X  e< 

V 

03 

c 

> 

0 

0 

n  uj  <  d 

cl  e- 

ID 

4-  m 

z 

0 

r~  — 

—  X  4-  -n  >,  in 

u  c 

0  — 

0 

. 

O  H  Ui 

8 

c 

• 

■0 

£ 

»CL  0 

< 

— 

O  a 

Oi  0 

a  ex  c  - 

0  0  a 

ex 

in 

-  m  cl 

O 

£ 

♦A 

£ 

2 

*  Q 

in  -  e> 

CD 

-  a 

»- 

X 

—  — 

0  0  0  0 

>  0 

c 

0 

a 

o 

m  uj 

f4 

ex 

0 

V 

V  I  0 

u  -4  z 

TO  — 

C  a 

4- 

0  ®  a 

X  — 

£  C 

0 

O 

Z 

TO 

* 

.  0 

—  0>  uj 

- 

—  CL 

a 

Q 

r-  C 

tj  a  > 

£  a 

ex  — 

uj  in 

> 

X 

0 

0 

2  0  £ 

»-  C  Q 

TO 

Ui 

■3  C 

'  0 

•  -  c  • 

0  4- 

0  a 

ex 

ex 

0  -1  CM 

v> 

0 

£ 

0 

ex 

o  •  -  3 

in  -  2 

O 

O 

• 

£ 

m  £ 

+-  a  4-  u  v 

^  a  ®  • 

X 

0 

0 

a  uj 

Ui 

£ 

0  £ 

0 

0 

~~£  & 

<  n  — 

mt 

•  Ui 

— 

.  ® 

CJ 

®  0  0 

® 

0X0 

— 

V 

0 

©am 

i 

4- 

£ 

® 

^  i  c  - 

-i  — 

•  a 

.* 

a 

a 

0  ex  a  ex 

0 

£  — 

0 

9 

> 

_ 

s®s 

0 

0 

ex 

ex 

o  I  e  *■ 

a  o  z 

o  « 

3 

£  C 

® 

U  ®  >  £  0 

0 

0  0 

Q  • 

£ 

c 

a  * 

o 

ZN0 

I 

e*  L. 

*  z  — 

— 

5  p 

0 

o  - 

in  • 

Jt  -  3  0 

3 

c  av 

0 

0> 

ID  *  0> 

z 

H  . 

9 

n  o  £ 

—  a. 

CM 

o 

ex 

u 

o 

U  —  •  U 

u 

0  c 

CO© 

OJJ 

& 

£ 

T5 

4- 

•e 

a  m-  o 

Q 

O 

4- 

c 

0  0 

0 

O  £  0 

0  C 

o 

© 

ID 

o 

-4  t  < 

0 

0 

0 

3  £  0  U 

—  ui 

-  c 

.  UJ 

— 

ex 

0  C 

£ 

Z  M  x  £ 

L 

u 

4“ 

0  O 

in  in  in 

Z 

•  • 

®  0 

-  10 

C  TJ  9  M- 

TJ 

— 

X  £ 

9 

r  m  •  ■ 

£  t 

0 

*A 

•* 

ex 

M-  ex 

a  ui  cc 

3- 

a 

0  <J 

ODD 

0  ®  -  a  o 

a  X  0 

ex 

V 

X 

•  a  a 

•  o 

• 

0 

ex 

C 

c 

0  0 

O  Z  uj 

tr 

-J 

z 

ex 

c  -  a 

—  ex  >  — 

0  - 

0  « 

c 

c  o  cr 

m  Z  ui 

c 

a  e 

0 

0 

0 

E  >  0  *-  uj  m 

UJ 

<D  fe 

in  ex 

a  3  a 

x  9  -  a 

0 

TJ  TJ  £  £ 

0 

0 

m  a 

c 

0 

0 

£ 

— 

0  0  —  — 

a  -i  a. 

wi 

CM  Z 

• 

C 

£  £  £  • 

— 

0 

3 

U 

—  a  a 

m  uj 

0  0 

a 

•— 

0 

ex 

C  -  £  £ 

—  >-  -  — 

^  P 

0 

C  — 

a  a 

ex  0  £  £ 

£  ex 

0  ex 

c 

ip  u. 

E  ** 

a  m- 

U 

O  u  —  0OCX03- 

cp  a 

JC 

0 

©  C  -  C  3 

0 

*■*  0  £ 

>  0 

0 

era 

O.I 

£  0 

C 

V 

E 

c 

—  0EO>-ZZO 

5  > 

0 

a  u 

c  — 

X  0  ® 

0 

»  p  « 

—  £ 

0 

ex 

ex  o  O 

03 

**  1 5 

**  C 

*■ 

V 

E 

3 

3 

♦*  0  £  £ 

0  uj  m  ui  a 

—  J 

C 

a  o 

0  0  z 

—  0  ®  O 

0 

C  -  — 

0  0 

a  0 

©  m  a 

o 

*-  H  (J 

£  3 

> 

U 

M- 

0  —  0  OUi>H-Q< 

-  o 

0 

4-  £ 

TJ  0  a 

0*0X3 

u 

0)0  3 

$  Q 

© 

— 

X  uj  < 

aaox 

0 

9 

£ 

£  0  >eQ  Jifle 

<3 

a 

i-  z  a 

cnoaccext. 

0 

£  3  C 

r  F 

F 

0 

—  O  V 

£ 

L 

* 

2  £  0  0 

O  uj 

0  0  O 

0  ®  ®  ex 

£ 

*-  -  C 

TJ  • 

0 

• 

0 

u 

a  4- 

U 

0 

D4X  L  3 

a  3- 

a  <  V 

C  X  £  © 

a  0  ©  « 

»  *•  V 

£ 

a 

METHOD  OF  MEASURING  ENVIRONMENTAL  STRESS -CRACKING 

PERFORMANCE  OF  POLYETHYLENE  BOTTLES. 


f) 

. 

L 

O 

c 

L 

< 

©  £  u. 

© 

o 

© 

L 

L. 

m  — 

E 

C 

« 

c 

o 

. 

w 

a 

£  m 

« 

© 

£ 

© 

£000 

m 

IN 

m 

© 

0 

-  c 

3 

c 

— 

z 

in 

r* 

up 

< 

U* 

40 

up 

#• 

~  3 

• 

2 

© 

r 

•*> 

£ 

'J 

0 

c 

c 

IN 

r-  Z 

a 

0 

C 

5  © 

** 

• 

o 

O' 

L 

© 

L 

0 

** 

£  r 

«— 

* 

J 

a 

* 

V  £  © 

u 

•• 

3 

c 

£ 

•« 

© 

> 

3 

E 

o 

«. 

C-3 

© 

© 

m 

_i 

• 

©  C 

— 

© 

5 

O 

0 

© 

0 

c 

a  —  — 

C 

o 

a 

■0  £  J 

«- 

• 

0 

z 

M 

c 

u* 

L 

C 

a 

€ 

TJ 

<  « 

© 

0 

— 

P 

r 

— 

—  0 

— 

c 

£ 

© 

-J 

— 

© 

<*- 

0 

C 

© 

x  > 

L. 

*- 

2 

o 

© 

3 

3 

c 

c  O 

3 

— 

JB 

c 

© 

© 

> 

« 

o 

*d 

V) 

< 

® 

© 

O’ 

© 

O 

3 

© 

c 

(J 

u 

z 

X 

© 

9 

u 

** 

0 

L  £ 

© 

c 

« 

91 

V 

© 

& 

— 

c 

•— 

«— 

© 

£ 

■» 

© 

a 

©  05  £ 

o 

•— 

s 

c 

3 

p— 

«  c 

c 

u> 

L 

_ 

2 

n 

L 

*» 

UP 

£ 

c 

C  •  - 

— 

c. 

z 

9 

♦» 

*-  © 

a 

c 

• 

o 

-J 

c 

c 

3 

© 

L 

©  JB  £ 

— 

** 

• 

c 

E 

© 

c  © 

c 

o 

— 

L 

« 

Up 

IN 

c 

«■ 

♦» 

■»- 

>  a 

O 

0 

V5 

© 

C 

«  £ 

9 

0 

c 

> 

c 

» 

00 

< 

— 

ft 

■*- 

L 

a 

u  a  > 

c 

© 

0 

0 

© 

a 

© 

** 

© 

(J 

♦» 

0 

L 

• 

IN 

L 

0 

9 

0 

—  l  l 

c 

> 

< 

L 

C 

£ 

C  V) 

c 

3 

© 

© 

»n 

• 

— 

a 

> 

< 

• 

up 

u*  0  © 

c 

c 

K 

— 

© 

«« 

c 

© 

£ 

05  C 

c 

UJ 

© 

c 

e 

< 

a. 

up 

U 

c 

V) 

o  > 

u 

— 

< 

u 

> 

i 

u  £ 

L. 

c 

© 

o  in  c 

©i 

z 

0 

« 

— 

O 

c 

c 

— 

«■ 

c 

C  £ 

in 

u 

© 

C 

£ 

L. 

Up 

Z 

— 

c 

UJ 

— 

c 

L 

ft 

©  ft  0 

c 

tt 

tn 

© 

£ 

UJ  *■» 

c 

"0 

c 

— 

© 

C 

c 

3 

■— 

— 

• 

• 

O 

c 

c 

0  — 

0 

UJ 

ia 

M 

e 

0 

9 

9 

0 

5 

* 

n 

* 

— 

£ 

£ 

c 

O' 

•r 

— 

c 

»— 

Ui 

9 

© 

a 

a 

© 

© 

J 

E 

u 

•— 

a 

2 

u 

a 

• 

u 

ft 

c 

♦-  n.  -D 

«* 

«« 

-c 

a 

c 

C 

c 

> 

> 

£ 

•p- 

> 

•» 

L 

3 

o 

— 

r-  Z  £ 

B 

U  0  c 

g 

c 

X 

h 

w 

u. 

£  £ 

« 

• 

© 

a 

— 

L. 

O)  uj 

*p 

c 

c  ^ 

©  © 

w 

© 

© 

** 

•• 

♦* 

u 

** 

£ 

a 

© 

G 

u 

— 

— 

© 

U* 

— 

o 

— 

p“ 

0 

u 

•—  — 

3 

E 

C3 

3 

• 

> 

E 

u  >  j 

c 

£ 

•» 

m 

« 

« 

Up 

IN 

L 

Ui 

a 

o 

UP 

ft 

c 

c  c 

© 

»• 

Z 

•1 

& 

© 

• 

3 

©  u 

« 

0 

c 

C 

9 

9> 

© 

a 

IN 

U  4- 

c 

U  TJ 

l 

o  © 

© 

L. 

>— 

< 

o 

XI 

c 

c 

«- 

© 

c 

© 

♦» 

0 

L 

m 

V) 

•  • 

•» 

0 

— 

■— 

© 

u 

©  -  © 

fl 

© 

»- 

•— 

in 

c 

3 

• 

© 

L 

o  © 

C 

£ 

w 

u 

r 

■— 

+» 

— p 

u> 

© 

> 

3 

C 

(A 

£  **■  — 

a 

< 

c 

ozo: 

0  T5 

V) 

£ 

c  - 

• 

c 

c 

• 

i/» 

< 

a 

IT 

<J 

— 

0 

© 

a 

ft 

•'BOH 

X 

— j 

0 

ICUM 

£ 

UJ 

>. 

0  u 

0 

3 

c 

© 

— 

— ■ 

o  z 

— 

c 

C  £  £ 

© 

Oi  L 

— 

© 

D 

»■ 

If)  9 

o 

» 

*- 

c 

£ 

E  - 

u 

JB 

u 

5 

•* 

U» 

UJ 

M 

UI 

00 

00 

» 

ffi 

0 

■*» 

u 

(A 

C  C  © 

£ 

ur> 

4J 

CD  2 

9 

N 

3 

© 

•» 

C  «*• 

© 

U 

© 

©  z 

>— 

<0 

*3 

— 

O  n 

— 

© 

c 

© 

©  a  c 

♦* 

Z 

«  o 

n  5 

M 

** 

X 

n 

E 

© 

3 

•> 

« 

c 

© 

e 

c 

u 

UJ 

• 

< 

_p 

3  n 

' 

*■* 

E 

0 

l 

©  o  © 

L 

■» 

05  Z  r 

in  a 

-J 

— 

> 

> 

o- 

C  9  W 

£ 

w 

© 

© 

^J 

Z  X  < 

IN 

-  E  ~  I 

C  -  U  ' 

•  o 

a  l 

a  *- 

—  u  o  *  I 


i  ©  -  ~  *  L 

E  4*  ©  up  D.  © 

©  ©  ©  ©  U 

-  £  ~  £  ©  a 

X  ~  9  V  £  «u 

r  l  c  «-  l. 

i  ~  a  a  «  9  r 


u  a  uj  r* 

—  O  LLI 

a  l  a  • 
►-  a  *-  p* 
u  - 
uj  jt  a  CD 


> «  3  ©  £ 

iSSS** 

•  u  m  i/)  E 

'2j  -2  1 


L  —  ©  ©  ©  U©©9l0>Oup*-O 

©O  >  ^  l.  £  X  —  X  Z  e 

Q.  c.  w  O  n  u»  9  u*  ^  m  u-  uj 

x  u  ©  up  9  r  g  -mO<Z  • 
•  —  l  ©  u  £  CCE>-ttXZa 

u.  E  '  I  -  B  *-11/1-  C  JB  on 

o  c  ©  v  *>  a  c  —  o  o  •  cr  m 


u. 

«  a 

r*- 

©  c 

L, 

V 

L  © 

J  U  uj 

'U2K  0 

*0 

C  *D 

c 

n 

£  . 

up  a 

o  ~  — 

— 

—  a 

05 

•— 

>  — 

9 

c 

0 

O 

u- 

© 

UJ  fl  h  * 

OI 

©  a 

© 

>. 

0 

©  u>  £  jb  a  a  • 

-p  «  >  * 

u. 

• 

UJ 

— 

« 

—  > 

UJ 

c  e  w  c 

— - 

0 

u- 

•  i_  <  n 

ZK  1 

•  o 

O 

3 

ff  ©  0 

0  x 

L.  — ' 

«  Z  ffi 

E 

c 

a 

o  .. 

C 

0 

0 

c 

© 

w  o  *  - 

U  |  UJ  ffi 

c 

O’ 

9 

o  - 

9  ft  9 

0 

©  uj  O 

. 

© 

•  • 

— ■ 

u- 

• 

— 

a  o 

— 

— ■ 

TJ 

UP 

L. 

O  0  O 

c  —  r- 

0 

o 

> 

0  £ 

£  U 

© 

«  ■* 

— 

£ 

C  • 

u 

— 

> 

uj  e 

©  a 

u 

> 

•  •  »  •  • 

—  u 

■  ©  U  9> 

D.  m  u- 

©  1-  c 

up  u  0 

•  9  • 

' 

»— • 

*- 

0 

0  L 

D 

— 

C  T3 

«  - 

C  u* 

© 

UJ 

m  in  in  •  • 

z 

x  a  m  >  in 

Q 

uj  0 

u» 

£  0 

•  m 

^  Lift  " 

w 

c 

U  0 

L. 

C  - 

c 

a 

—  c 

— 

■»■ 

— 

a  u  a  h 

O  K 

3  «  « 

L 

9  • 

C  O 

E  a 

C  ♦»  a 

c 

c 

• 

U 

« 

s 

3  T5 

© 

B 

o  z  uj  a 

«  O 

•  in  a.  ct> 

C 

T5  up 

-  C  ** 

3  O 

0  in  uj  a 

m 

c 

a  e 

C 

a 

a  c 

O’ 

B 

U*  UJ  — 1  UJ 

C  E  ^ 

© 

© 

—  ft 

a  0- 

—  *- 

—  —  UJ 

» 

o 

c  x 

0 

« 

E 

0  0 

©  © 

— - 

» 

a  ju  j 

<n  < 

©  —  >.  a.  n 

9 

c 

j— 

L. 

C  ft  6 

0  0, 

♦*  •  U.  -J 

UP 

» 

a 

— 

V) 

* 

L  © 

L  — 

c 

U  T? 

-  >  «  < 

in  j  2 

£  *-  -  “3  O  £ 

a  o 

•— 

&  O- 

0  £  © 

>  — 

am  —  < 

• 

Z 

L 

05  C 

05- 

L 

a- 

£ 

u 

© 

© 

a  I  k 

<75  UJ  o 

ft  ©  0 

UP 

c  - 

c 

C 

-  c  u 

—  «  ♦- 

^  a 

i.  a  *- 

r- 

© 

3  0 

c 

© 

c  z 

© 

L 

>  c 

0 

c 

© 

<J  u-  Z  O 

n  a  M 

C  Z  CL  •  •  Z 

UP 

ft 

OT-  • 

UP  '  UP 

9  O 

0  uj  z  O 

>  a 

c  c 

— 

— 

—  « 

E 

O 

05- 

— 

© 

m  uj  uj  a: 

o  a  ►- 

c  Z  in 

© 

© 

«i  UP 

0  •  C 

E  in  tn  x  uj  at 

UJ 

©  Z 

c  c 

£ 

Up 

©  £ 

>  ©  a  l  - 

©  uj  >  O  < 

-  o  a 

£  u  uj  in 

C 

O  o 

—  © 

3  o 

>  o  < 

UJ 

X 

u 

<  u 

© 

<* 

9  O 

•- 

©  £ 

9  C 

9 

© 

C  Q  -J  —  U 

UK  (Aw  30» 

ft  c 

* 

U 

9  9ft 

r  o 

-  O 

-J  —  V 

0 

a 

c  © 

0 

c  0 

C  >  £  £ 

** 

o 

O 

o 

i  0 

0 

£  >  - 

9  ©  c 

0 

o 

a 

* 

-  E 

a 

u-  u 

©  « 

** 

© 

Q. 

in 

D 

u  u 

c 

up  ■  a  l.  j  e 

> 

CL 

u 

9  9 

ft  >u  u 

c 

, 

u> 

.  •  A 

^  O  L  <— 

m 

X 

o 

o 

L.  L. 

9  0  0 

0 

i  • 

C  £  £ 

UJ 

0 

z 

u  u 

*  U 
•  c  ffi 

9  9ft 

IU 

9 

m 

3  ft 

£ 

— 

UP  UP 

9 

ft 

UP 

C 

Z  JB 

UJ 

«  3 

UP  *P  « 

• 

g 

x 

'D 

c  *-  u 

UP 

£ 

UP 

0 

0 

M 

O 

♦p 

c  ~  0 

ft  «-  > 

•— 1 

c 

IU 

m 

9 

C  9 

—  m 

ft 

u» 

U 

*0  *- 

— 

-l  £ 

o 

9  ft 

ft  ft  UP 

0  ft  -  — 

0 

u- 

b-  • 

Up 

© 

L.  up 

©  UJ 

> 

•  c 

ft 

£ 

up  (5 

UJ 

3 

u 

U  L 

UP  U 

•  0  ft  © 

UJ 

<  UJ 

X 

u 

L 

9  ft 

9 

— 

U  0 

u- 

9  E 

«  Z 

a 

> 

-  9 

•  9  © 

9  ft  a 

05 

0  Z 

•3 

vn 

« 

a  c 

?  *  2*5: 

UP 

U 

© 

a  — 

uu 

3 

>  Q- 

-a  © 

U  9  9  £  £ 

O 

c 

UJ 

UJ 

E 

E 

coco 

u 

V 

3 

©  9 

«  •  X 

0 

u. 

U  E 

©  E  © 

-CUT)  - 

0 

— 

•J 

E 

©  £ 

—  a 

ft  «n  O 

0 

© 

a  © 

a—  u 

©  © 

9  9- 

>  9  -  ft  4P 

0 

L 

X  ► 

Z 

— 

UP  u» 

>  £  £ 

9  Z 

— 

o  ©  < 

IU 

05 

©  UP 

U  up  u 

L  —  >  ft 

© 

t  X 

UJ 

* 

c  m  u  — 

— 

9  9 

~  9 

l  L  a 

U 

• 

9  >  L  *-  0 

-J 

© 

*  H* 

O 

05*0 

0 

ft  9  * 

ft 

c  a*p 

9 

c 

a  3  u 

M 

«• 

u» 

u-  £  ® 

ft  £  9  O  ft  U 

< 

-  ‘ 

,  *’,  ■’ 

C 

O  0 

o 

c 

C 

©  C 

>9  0 

E 

B  © 

C  JB 

JB  © 

>  4t 

1 

U  9 

v  a  u 

UP  B  u. 

U 

\  '.1 

— 

8  >* 

u 

— 

«  £  a 

C  9  C 

c 

©  T3 

9 

— • 

U  £ 

u  m 

0 

3 

IN 

-  V 

ft  -  3 

•  ft  ©  9 

M 

- 

B 

a  -j 

JB 

*p 

c  a  £  a  9 

T5 

TJ 

•— 

ft  up 

«  m 

IU 

© 

— 

UP  — 

&£  up 

OX  C  L  > 

z 

■*  '  * 

■  ”’U 

C 

a 

u 

u* 

9 

0  9  up 

£  4© 

C 

i 

L 

L.  uj 

9ft 

UP 

— 

O  9 

E  ft 

up  —  U  0  - 

• 

UJ 

0 

ft 

C 

£ 

-  V  9 

UP 

V 

© 

9 

O  « 

jb  iu  a 

£ 

u 

-  TJ  c 

C  0  —  —  —  — 

X 

4 

UJ 

in 

9 

C  up 

up  4©  £ 

O  9 

a  l 

UP 

U  i- 

u  o 

a 

ft 

£  9 

—  a  ♦*  v 

o 

X  ► 

u  £ 

** 

ft  >  •*  V  ip  C 

9 

3 

UP  £ 

«  •  m 

** 

ft 

9  c  a 

U  ft  9 

UJ 

c 

i-  ►- 

m 

«u 

E  m  £ 

9 

— 

5 

UP 

ft  9 

u  m 

I- 

a 

c  E 

L  L  £  up 

X 

a 

— 

© 

« 

0 

C  IN 

u» 

0  ft 

c 

X 

i 

<J  O  -J 

u 

u  u 

3  9 

up  9  ft  —  0 

0 

t 

© 

C 

0 

« 

UP  UP 

©  & 

♦  —  © 

0 

•  • 

m 

0  9 

UP  •  UP 

3  up  £  9  L 

o 

V 

— 

zz 

a 

• 

9 

•  © 

>U  J  TJ  © 

— 

£ 

E 

9  9 

H-  H- 

< 

0 

v~ 

u  > 

9  9 

a  9  I  (J  Q. 

4- 

<w 

O  UJ 

o 

c 

E 

O  9 

9  0  -  C 

©mo 

U  © 

m  z 

L 

0 

i_  U  9 

E  L  0  C  • 

o 

m 

UP 

— 

©30-00 

© 

CN 

UP 

9 

0 

X  UJ 

0 

3 

• 

9  £  a 

ft  0  0  ft 

? 

1 

— 

B 

0 

L  — 

9  «*-  - 

« 

n  £ 

w 

-5  X 

o 

£ 

£ 

— 

9  © 

a  ft  - 

ft  -  u.  E 

o 

, 

c 

— 

9 

3  C 

«*-  £  V  *• 

i 

9  > 

0 

UP 

L  UJ 

&  z 

lu 

ft 

© 

C  9 

c  u-  a 

-  O  L 

uu 

ft 

Z  O  £ 

a 

— 

a  ©  > 

0  9  3 

© 

o  a 

6 

3  a 

•  O 

m 

0 

c 

■»-  — 

9  « 

•  *  0  -j 

H 

X 

O  -J 

© 

ft 

© 

ft 

L.  — 

© 

c  - 

u- 

© 

in  a 

S 

w 

£ 

—  UP 

up  — • 

©  ft  ©  N.  UJ 

< 

*■*■* 

n  m 

0 

o 

UP 

9  • 

♦'—‘DO 

9 

ft  9 

ft 

O 

© 

UJ  •  — 

n  2 

a 

© 

9  - 

©  9 

9  a  U  L  L  UJ 

—  <J 

• 

IN 

H  iu 

L. 

0 

C 

E  £ 

C  C  © 

L. 

C  £ 

UJ  u. 

«u 

z  m  > 

9»  « 

X  -3 

ft 

a  - 

J  ©  £ 

£  L  C  3  ©  i- 

a  iu 

ffi 

05  D  O 

— 

95 

9 

— *■ 

UP 

3  C  3 

UP 

UP 

9  0.  0 

©  uj  uj  Z 

r-  *- 

• 

9 

-  © 

o  U  u. 

—  ft  c  *-  am 

— » 

-  a 

i 

IN  ^ 

c 

— 

E 

UJ 

C 

0  0  £  ♦- 

© 

9  C 

9 

c 

u 

j  m  uj 

CN  < 

ft 

■ 

• 

© 

2. 

-  -  E  u 

ft 

o 

95  O  0 

a 

C 

a. 

« 

E  C 

c  9 

c 

3 

C 

>  m 

c>  p 

* 

ft 

3 

L 

o 

a 

©  L  3  05 

o 

«  z 

MWZ 

• 

3> 

C 

0 

upp 

9  • 

ft  UP  ft 

3 

ft 

0  »f-  X  uj  • 

cj  O 

c 

TJ 

© 

9 

©  c  © 

a  o  l  c 

h* 

i£>  M 

— 

0 

3 

L 

£  U 

C  »  *» 

ft 

UP 

ft 

UP 

►-am 

© 

UP 

> 

IU  UP 

9  —  ft 

-  V  U  *p  -  1/) 

UP 

2  — 

• 

o  X 

u* 

• 

“3 

*— 

9 

9  9  9  0 

a 

C 

TJ  — 

UJ  ^  — 

O  iu 

3 

£ 

»- 

O 

0  £ 

JB 

a  0  L  ©  *-  Up 

© 

m 

25 

.  *| 

©t  0 

0 

— 

> 

C 

© 

£  ‘O  «-  ft 

i.  C 

Up 

9  - 

>  m  z 

®  Z 

>  « 

E 

9 

£  U 

©  C  Z 

ft 

c  o 

X 

E 

0  ID 

C 

9 

«  m  up  c  <- 

9 

©  0 

3 

a- 

-1  4 

«-  UJ 

< 

0 

a 

U  ft  9 

a  ©  o  - 

•— 

M  M 

UJ 

w  ft  8 

ft 

C 

9 

— 

£  9 

9  L 

£ 

£ 

9 

0  £  UJ  O  •  —  — 

UJ 

>- 

X 

9 

B  — 

3  C  0 

©  C  C0- p 

a. 

a 

UP  K 

Q 

K  U 

JB 

£ 

C 

a>«-  a  b  3 

E  *• 

£ 

-  0 

a. 

a  c  o  in 

► 

a 

a  9 

B  U  £ 

£  ©  ©  uj 

< 

Z 

•  U 

o 

u 

w 

£ 

©  c 

0  9  © 

9  ft 

►- 

9  E 

•  z  <  ^ 

•  X 

•  • 

£  U 

ft 

♦p  >  u-  -  c  a 

* 

<0 

0 

UJ 

•  <  tfl 

9  in 

0 

UP 

c  a 

"O 

0 

♦p  > 

> 

u. 

-  H 

• » 

a£ 

—  X 

ft  UP 

-  £  X  0  — 

m 

■  < 

a 

o  iu  in 

•  • 

>— 

— 

9 

0  9 

up  L  U- 

Up 

— 

. 

9 

0 

>-  a  • 

O  IU 

u> 

JB 

u 

u 

9 

ft  ©  ft 

a  ©  £  a. 

O 

5  Sb 

• 

X 

zaw 

0 

9 

> 

-  V 

c  UP  ®  0 

©  *» 

T> 

TJ  9 

m  D  b- 

z  >- 

9 

3 

0 

9 

ft 

9  9  — 

L  —  UP  ©  * 

z  m 

z  o 

o 

5  K 

♦P 

V 

> 

— 

UP 

—  «* 

©  3  > 

£  U 

9 

£ 

u 

uj  m  — 

J 

© 

>U 

0  9 

—  LB 

9  -  9  UP  U* 

M 

^0 

0 

o 

OB© 

— 

0 

<0 

ft 

0 

3 

3  0  033 

•P  ft 

© 

E  up 

m 

»-  a 

D  O 

C 

9 

U  > 

up  up  ® 

4-  ft  9  X  0 

t— 

m 

O  0.  uj 

'  .* 

•• 

£ 

* 

L. 

a 

-  O 

C  £ 

1 

3 

ft 

0 

UJ 

-  £L 

ft 

a 

•» 

ft 

—  ft  L 

4-  —  U  —  ©•  ■ 

< 

-  z 

/ 

J 

— 

UP 

— 

IN 

0  10 

9  •  9 

E 

£ 

C 

— 

m  j  m  ■ 

X 

9 

9 

£ 

*— 

9  X  O  w  m 

IU  UJ 

.  ■ * 

*  */  - 

ffi 

U.  <  £ 

© 

U 

• 

£ 

© 

a  a  tj 

3 

— 

0 

a  c 

0 

a  <  a  k 

lu 

£ 

9 

9 

9 

ft  * 

9  a  w  a 

u 

*— 

UJ  —J 

."4 

9 

O  t 

© 

c 

m 

IN 

UP 

> 

0 

©  C  9  9 

© 

<u 

© 

— 

©  - 

UP 

o  *-  uj  a 

o 

m 

>  0 

3  X  £ 

U  C  9  O 

a 

a  >- 

— 

n  2 

0 

•M 

IN 

J 

UP 

U*  UP 

■0  ft  O  C 

© 

0 

UP 

u< 

L. 

►—  Z  —  uj 

n 

m  m 

cr  up  o 

0  £  *- 

UJ 

-  4-  I 

*  . 

— 

f«*  UJ 

> 

L 

o 

0 

— 

c 

C  U  C  3 

ft 

C 

ft 

— 

a.  uj  u.  j 

95  ► 

UP 

—  4p  4.  l  a. 

> 

_ j 

a  w 

.* 

U. 

©hi 

ft 

9 

0 

L. 

© 

ft  tf) 

-  a  ~ 

ft 

c 

ft 

—  X  —  < 

r-  ►» 

ft 

c 

£ 

C 

U  V 

—  UP 

4P  -  0  -  — 

« 

—  Up 

*  * .*  w  « ' 

in  O  2 

> 

UP 

05  C 

♦P  IN 

£  ft 

© 

UP 

UP 

—  © 

— 

a  2  *- 

CN  UU 

L 

0 

0 

9  © 

-  c 

©  a  J  9  a 

^  0  X 

4 

O 

9>  IU  O 

9 

0 

ft 

z 

9 

0 

»  o  c 

© 

©  B 

U 

C 

UJ  ft 

UP 

u  o  z  Q 

95  -J 

ft 

3 

a  a 

(M 

up  u 

•  £  TJ 

9  -  £  U 

u 

o 

N  U  J 

' .  . *_ 

o 

Oik  B 

V 

ax  m 

9  V 

ft  9 

©  0  9 

— 

9  9 

ft 

9 

a  9 

c 

m  a  uj  a 

O  < 

c 

| 

a  a  o 

0  - 

9  -  ft 

L  L  ft  X  *p  m  UJ 

a 

OXO 

“ 

-  ’ 

w 

—  W  ►•  £ 

ft 

m  £ 

• 

*■  a  o  u  a 

0  3  v 

0 

9 

uj  —  D  X 

-  D 

ft 

— 

c  3 

a  x  l 

a  U  9  TJ  uj 

i— 

« 

-0ft. 

_ 

•c 

IU  > 

O  Z  -5 

M 

h- 

* 

C  c 

E  C  9  E 

0  - 

L 

c 

V  O 

»  a  >  —  y 

0 

h- 

az  z  »- 

a  & 

C9Q©«a3TJOO 

u 

X 

• 

UU 

Z 

0 

3  ft 

—  ft  c  9  uj 

£.  9 

3 

0 

£  £ 

© 

z 

3 

m 

9 

ft  -  9 

T3  ©  -  u.  £ 

a 

lu 

■4 

o 

UJ 

ft  C 

ft  C  ft  u- 

a. 

a  > 

© 

u 

9  — 

9 

UJ 

m 

Z 

L 

i.»-,0«P'00.rB 

0. 

C 

I 


OIALOQ  F 1  leB :  COMPENDEX  -  70-82/Mar  (Copr.  Engineering  Index  Inc.)  SEE  7NEWS  (Item  16  of  68)  llser11004  19aprB2 


1 


a  a 

•9  —  9 

2 

0k 

*-  e  jt  c  ■  t  oi 

W  ^  Z 

9 

U  C  9  fl  — 

M 

r- 

SLUX-C-fl-C 

u  o 

V)  OS 

(£-*- 

0k 

X  e  o - * 

fl  •  — 

tt 

x  m  c  « 

6 

— 

l  c  r  o  -  v 

U/lh 

—  >99 

2 

o  >  c  >  —  e 

•  u  z  u 

g9-E- 

ft* 

o 

e  —  ai  c  •  e  e 

—  O  fl 

m- 

T3«2*- 

■  9  —  uj 

O  • 

-  C  C  0  a 

© 

0 

1 

fl  9  9  u  —‘DOflaeu  -*-a 

c  - 

a  3  C  L  9 

UJ 

< 

r» 

UNUflJ^CW  >  9  C  l/k  (J 

uj  0> 

co  -  a 

•J 

a 

•'•3aoa«kuu 

9  «  a  fl 

c 

a  a  u  >  o 

CQ 

u 

> 

«  L?  II)  -  L£  UC 

L.  —  UJ  UJ 

UJ 

0  E  —  C  a 

•fl 

fl 

c  u  C  9  0  9 

9  z  a 

• 

ft*  0  E  9  a 

U 

9 

Z 

e  —  i_  9i_~  9  o  —  > 

c  - 

cue 

in 

E  c  a  fl  «  9 

•*  9  mi  mi  (J 

0  c 

-  c  - 

z 

IU 

9  >  0fl9—>u 

9  o  fl  Z 

^  o 

>  c  c 

o 

a 

• 

•DT3-9  £~C3 

a  a  u  — 

C  T3 

C  0  T3  0  0 

►- 

fl 

C  -  C  9  -  fl  v 

—  -  ^ 

0  C 

9  C  0  - 

in 

mi 

c  «  C  9  **  **  cac 

9  Z  U 

-J  0 

9  E  ft*  9 

< 

Ok 

U  -  C  C  OI-  E  - 

9  —  Uj  < 

ml 

C  -  L  0  > 

CJ 

mi 

O 

-  C  >  9  «  C  0 

N  fl  X  tt 

—  >  9  9  r 

< 

• 

(0 

r  di  E*1-  ii  u*- 

fl  U  *  U  U 

m  • 

r  r  n-  a 

z 

H 

9 

J9E*-CU*-.XUC 

L  ^ 

ft* 

*-  ♦*  «f- 

D 

2 

C 

(O 

OC90CflUCC 

O  E  0J  * 

c  9 

•  9  9  L 

Z 

UJ 

•  OT3C0>U«u  —  fl  * 

9  c  m 

0  c 

C  >  T5  9 

Z 

x 

9  10 

OflL  —  —  C! 

9  £—►-«/> 

m 

(J  — 

0  —  9  9  £ 

o 

2 

— 

+*  n  —  o>3—0  • 

**  u  iZi/k 

—  0  N**  ~ 

u 

o 

L 

ac  >ac9c  r  u- 

fl  •  U  UJ  UJ 

A-  a 

♦4  Q  —  -  0 

UJ 

K 

o 

9  C  9  -  •  U  i- 

-  fl  C3  tt 

0 

N 

C  9 

C  L. 

-J 

ft* 

Ok 

9  U  9  L  -  3 

*-  L  fl  P- 

ft* 

-  X) 

V  9  ”0 

UJ 

> 

a 

J 

9  fl  >  >  9  C  9 

—  u  in 

• 

— 

X) 

9  Ok  -  -  C 

tt 

in  2 

9  Ok 

U9U~*-JD9>:* 

C  -  uj 

fl 

3 

3 

a  C  3  >  « 

CM  UJ 

« 

Z 

aro-c  39  u 

—  i/>  > 

o 

© 

-  cr 

oi  —  a  oi 

fl 

a 

a 

9  u  9  fl  r  J  fl 

UJ  C  — •  J 

to 

UJ 

9  £  E  a 

© 

r>  u. 

* 

c  ~  v  +*  o  - 

£  Z  0  t-  fl 

• 

uj  "D 

■0  ft*  0  9  9 

UJ 

0>  O 

c 

• 

• 

c 

9  9  9  U  9  £90 

Uuj-U*- 

« 

-  C 

fl  U  C  U 

Z 

00 

CM 

9 

c  r 

c 

i£  ar  c  c  ua 

—  J  9  <  Z 

0) 

> 

« 

01  9  9  C 

UJ 

9 

— 

o 

fl  Ok  9  m-  —  C  •« 

£  >  0  uj 

O 

0 

ere  e 

mi 

tt 

Ok  © 

9 

a 

u 

3^£Ufl0ew  >  X  X  U  iu  z 

© 

c 

•  *4 

—  9  C  4* 

> 

f*»  Z 

3 

a  o 

0  9  Ok  3  —  —  C  L.  — 

k-  U  U  Z 

9  CM  9 

9  r  o  9 

9  T 

• 

nn  in 

— 

»— 

• 

9U  —  9  a  ♦-  9  3  r 

9  IU  0  fl  O 

• 

C 

a 

9  tt  O  —  — 

w- 

F— 

(0 

UJ  H 

— 

9 

• 

r 

~  Z  Z  X«  —  B  03  >  UU  0! 

CM 

c  - 

0  0  3  **  9 

9 

UJ 

2 

9  T)  u- 

u 

—  ~  8-  9  N  >  — 

—  -J  tt  N- 

o 

• 

3  a 

U  0  fl  9 

U 

> 

tt 

•  < 

C 

fl 

c 

— 

3  C  T3  9  -2  £ 

0  O  D  > 

0 

L 

E 

0  9  £  a  a 

-J 

•  2 

L. 

— 

0 

y 

9  fl  C  £  9  U  +*  C 

>  a  9  m  z 

3 

E  > 

a  9  **  a 

O 

• 

o  D 

0 

— ■ 

u 

c 

*  9  UJ 

• 

"3  uj 

0  X) 

a  —  9 

a 

Z  uj 

u 

r 

9 

u  0  C  ♦-  >  E  £ 

9  W  9  • 

«— 

0 

♦*  v  v  a 

• 

■»- 

z 

a  r 

9 

—  0*  C  9  —  -  p- 

9  a  ^ 

CM 

9 

9  — 

l  a>  c 

00 

a 

•• 

u 

l_ 

♦'ao'ueflou 

9  ~  C 

fl 

-3  XJ 

-  £ 

o  •  c  «•  - 

V 

• 

9  O 

—  «E  —  ou«~a9 

£  •  in  o  •• 

9  J 

a—  o  j c 

9 

© 

-» 

fl 

>  ♦- 

e  o—  a  a 

in  —  in 

• 

£i-Q. 

0  E  0 

♦* 

cr 

F" 

< 

IU 

— 

• 

a-  fl  C  9  >  9  • 

a  a 

F- 

L. 

ym 

0  a  a  C  C 

c  o 

a 

2 

• 

c 

3  UJ 

c  a  -  c  c  c 

CO  C  IU 

ff 

9 

e 

C  00 

u  a  9  o  a 

9 

h- 

UJ 

m  2  uj 

L 

D 

c  a 

9  0  >  0  9*'’**  0 

—  F-  -  O  — 

in  uj 

cj 

—  r- 

c  **  —  u 

9 

0. 

mi 

CM  UJ  ^ 

9 

C  in 

EL—C^—  C99«^ 

a  z  fl  a  z 

-J 

» 

Ok  Ok 

9  —  9  ft* 

9 

fl 

fl  z 

>■ 

O 

— 

fl 

-  a-  O  *-  >  9  C  £  * 

9-o  a- 

m  a 

9 

c  ♦*  ^ 

CM 

3  fl  T)  fl 

a 

tt 

< 

X 

— 

9 

>c  «-ur39-^fl 

U  tt  —  O  F- 

M 

m 

o 

» 

—  C  —  9 

au  o 

Ok  Q 

►- 

X 

■ 

a 

9  0*-«*'0"D  E 

3  O  m  a  2  2  O 

a  O 

«- 

tt  —  3  9 

to  a 

Ok  2 

UJ 

9 

9  uj 

ajt  —  «  99  i~ 

9  m  o  a  iu  a 

tt 

9 

c 

—  CM 

C  tt  C  U  0 

0  uj  < 

5 

► 

3 

a 

— 

x  U  **  E  >9£(_0 

9  uj  a  o  x  fl 

T5  D  a  • 

—  9  —  L. 

9  O 

CJ 

IL  J  JQI/IHUJ  fl  —  C.  9  —  X)  0kflu> 

9  O  tt  — 

o  o 

00 

Ok 

C  9  fl  ♦* 

— 

O 

3 

UL0£03—  99 

a  o 

IU 

CM 

0  £  CJ  9 

fl 

a 

a 

U  U  •*-  k-  a  9  £  C  T3 

a  o 

z 

2 

a  *  ~ 

0 

9  C  >*- 

9 

9  •*- 

9  TJ 

. 

> 

. 

UJ 

a  *  ♦* 

•-  •**  a 

9 

E 

O  9 

I 

— 

e  C  n 

£ 

e  -  e- 

3 

C  £  £  0 

a  C 

9 

— 

© 

X 

fl  c  0 

O  C  0  £ 

9 

ft*  V 

a  0  « 

*J 

Ofl- 

O 

— 

*4 

ft* 

9  fl 

a 

a 

z 

»- 

tt  0  C 

9 

tt 

— 

c 

2 

V  — 

*0  a  - 

£ 

X 

£ 

3 

« 

mi 

*4  wm. 

a 

c 

B  9 

1 

5 

aa 

♦*  — 

fl 

c 

•ft  *4 

3  9 

■ft 

0 

Z 

Ott 

9 

fl  TJ  9 

t 

M 

c 

*» 

9  9  £ 

9 

0  c 

0 

u 

C 

c 

9  ft-  ♦* 

£ 

S  0 

f 

h- 

-  -  -0 

fl 

c  c 

0 

c 

a 

9  ok 

fl 

•  -  V 

0  ft-  C 

U 

9  a 

fl 

*-  £  C 

0  *■* 

*j 

3 

3 

C  0 

0  C 

a 

© 

tt 

~  £  C 

a •  0 

9 

9 

-  a 

-1 

fl  9  « 

♦J 

—  9 

9 

o  a  a  0  %- 

fl 

u 

UJ 

*r  r  c 

>^  > 

9 

fc 

a 

C 

**  ®  c 

— 

C 

9 

— 

3  a 

UJ 

o 

♦4  — 

a 

> 

Z 

%  •*  o 

fl  £  - 

fl 

9 

*4 

9  U 

ft- 

K 

tt 

*  ft-  o 

0 

3 

—  9 

— 

>  «  4 

c 

E  ** 

3 

a 

fl  ♦* 

9  0 

0 

0 

© 

(J 

>  e  « 

0  9 

ft* 

9 

9  £ 

0  o 

0 

a  C 

U 

9 

a 

—  u 

9  0 

♦4 

< 

0  u 

0  3 

fl 

a 

ft*  ♦* 

' 

K 

•  o  o 

0  fl 

9 

a 

3  « 

a 

4-> 

-J 

-J 

•  u  o 

3  ♦* 

a 

3 

fl 

a 

£  (J 

♦J 

«-  > 

3 

U  X 

a  >  c 

a 

<  • 

£  U 

♦* 

0 

— 

E  > 

Q 

a  ♦-  a< 

a 

9  £  ♦- 

C 

U 

♦4 

-  0 

— 

— 

•ft 

ft*  © 

a  ♦*  o*c 

C 

a 

■— 

-  £ 

Z 

a  ©  a 

t 

•o  C 

u 

c 

fl 

3  — 

0  ft- 

s& 

a©  a 

♦*  — 

fc 

fl 

ft* 

5 

9  O  • 

3 

£ 

fl 

0 

fl 

U 

0  fl 

a  o 

®  f*  o  •  • 

a  « 

0 

•u 

—  T3 

a  -  z 

9 

-  TJ  ** 

a 

*4 

0 

—  — ■ 

• 

ft*  UJ 

a  —  2 

0 

♦4 

3  0 

in 

a  >  a 

9 

-  9 

♦4 

> 

9 

9  £ 

*4 

0 

— « 

tt  >  UJ 

•- 

y 

.  —  o 

fl 

•  a  *4 

9 

*J 

C  £  ft' 

*4  — - 

£ 

— 

9 

5  -j 

i 

-  ^  o 

a  ♦* 

0 

9  £  C 

• 

a 

0  o  o 

E  9  U 

— 

O 

*4 

<  c 

♦j 

9 

a 

o 

O  O  O 

—  c 

3 

C 

U  9 

a 

E  0  U 

»  >  — 

fl 

— 

u 

— 

> 

3 

© 

E  0  U 

O  fl  £ 

ft4 

0 

—  3 

0 

X 

0  in  • 

9 

0  -0 

— 

■0 

O 

9 

*j 

z  _ 

9  ©  • 

C  *4 

£  - 

3 

fl  • 

£  U 

£ 

a  o  9 

*4 

£ 

ft4 

•  c 

0 

*4 

— 

u 

►*  q 

i 

£  U 

— 

♦* 

3  ft- 

& 

U  E  0 

♦» 

0  L 

fl 

c 

fl 

♦4  e 

•  0 

« 

2 

CJ  E  O 

V 

0 

3 

C 

— 

a  Z 

9  in  o 

u  a 

♦4 

c 

o  0 

a 

a 

< 

0  ©  ftT 

fl  c  o 

E 

0 

9  — 

ft* 

2  a 

£  © 

9 

a  9 

C 

fl 

9  a 

3 

0 

u 

IU 

£  tt 

0  —  ft* 

0 

a 

fl 

a  a 

*■*  U  E  4 

■D 

cue 

9 

c 

0  ft'  X 

*4  «J 

♦4 

* 

Z  © 

♦*  cj  e  •* 

ft- 

fl 

9 

3  >  9  u. 

mi  fl 

9  0  • 

c 

0  C  fl 

9 

— 

9  9 

fl  0 

9 

UJ  t 

9  9  I 

** 

♦*  — 

tt 

• 

CM 

> 

«  E  £  © 

fl 

—  u  U 

a 

*4 

C  — 

E 

9 

9 

OJZ 

«  E  £  © 

■0 

fl 

a  ♦* 

0 

x  a 

—  4  CJ  r~ 

*-  a 

u 

9 

fl 

o  a 

-  © 

«  T> 

• 

©  fc  UJ 

\  • 

—  *  CJ  © 

—  a  9 

9 

a 

3  « 

a 

• 

®  *-  2 

“3 

a  a 

c 

U  3  0 

£ 

U  E 

♦-  £ 

0 

c 

© 

©  X  0 

>  z 

tt  fl- 

«  o  a  £ 

a 

a  9 

© 

n  u  h 

0  E 

0 

C  9  C 

— 

♦4 

•ft- 

0 

9  *4 

a 

9 

UJ 

n  h  < 

9  E  ^ 

—  —  b 

♦* 

a 

a 

©  UJ 

CM  >•  X 

£  4  a 

3  0 

e 

c 

♦4  U 

0 

u 

♦4 

2 

CM  IU 

£  <  a 

x  >  a 

9 

01 

z 

n  j  0 

*J 

»- 

£ 

0 

■ 

0 

UJ 

n  >  c 

\  o 

ft4  *4 

fl  9  E 

9  -o 

UJ 

O 

Ofl 

fl  >© 

« 

0  • 

X 

U 

c 

9  OJ-O 

9 

-J 

g  j  2 

C  >0k 

-so- 

c  e 

mi 

O 

a  tt 

• 

O  <*-  £ 

3 

>£ 

a 

o 

0  £  C 

0 

> 

op*- 

i  • 

O.if 

i  f  U 

C 

0 

0  - 

9 

> 

0 

(j 

0 

o  0  0 

O’  O)  *»  CM 

— 

£ 

c 

a 

— 

O 

a 

X 

©  tt  X 

;  c 

cj  o  © 

5  £ 

*4 

£ 

♦*  X 

— 

a  i 

fl 

9 

a  \  £ 

3 

9  0 

JC 

♦4 

3 

9 

— 

)  K 

^  — ■ 

£ 

C  tt 

uj  o  in  a 

X3 

0  \ 

a 

-  E 

>  u 

9 

ft- 

UJ 

r- 

iu  < 

:  e 

ft*  £ 

0  u 

U 

0 

IU 

IB 

1  fl 

u 

0  0  3* 

0 

C  a  — 

— 

3 

—  fl 

9 

0 

0 

> 

— 

u.  tt 

.  0 

CJ 

O  9  3  • 

C  ^  fl 

C 

0 

E  - 

0k> 

• 

tt  a  fm  o 

u  ©  a  (J 

> 

9  9 

fl 

a  £ 

C  a 

0 

0 

a 

mi 

© 

.  OU 

i  9  o 

a  0  tt  cj 

-  0 

0 

♦4 

0  £ 

« 

mi 

O  K 

o  z  o 

— 

>  T3 

3 

0 

9  £ 

0  u 

3 

a 

O 

•  i 

— 

o  z  o 

£ 

01 

a 

a  3 

o 

o 

. 

0  c 

CT  ft- 

9 

9  U 

C 

aN  q. 

• 

o  ©  a 

• 

tt  — 

6 

E 

tt 

Ott 

Z 

>  in 

c 

>  —  Ok  “ 

3 

—  c 

9 

U 

0  3 

> 

— 

• 

© 

Z  uj  ©  a> 

c 

>  —  ©  • 

9  - 

0 

c 

c 

« 

© 

fl 

z 

0 

-  A-  r-  C 

X 

** 

fl 

c 

a  E 

C  £ 

♦4 

44 

ft- 

— 

3  ** 

1 

0 

—  ft*  tt  c 

X 

2  - 

♦4 

0 

— 

mm 

ft- 

o 

x  a 

+*  O  fl  0  0  CM 

— 

-  £  - 

C 

*4 

c 

c 

9 

© 

o  O  a 

J  •• 

*4 

o  e  ©  o  cm 

01  3 

O 

♦4 

>  — 

Jt 

© 

a  o  • 

O 

z  ~  *• 

— 

u  \ 

fl  © 

9  9 

u  « 

0 

9 

9 

• 

—  ft*  H*  • 

Ok 

2  -  f* 

— 

c 

fl 

ft"  ** 

u 

0 

*3 

c 

U  O© 

0 

C  3  N 

£ 

— 

a 

u 

3 

3  © 

H  ©  “3 

c 

U  Ok  ©  *4  . 

c  ■ 

c 

© 

m 

1 

0  *»  fl  C 

1 

c 

©  E  - 

L 

*4 

3 

0 

— 

tt 

9  k- 

tt 

0  ft*  *  c 

1 

fl  9  •  x 

9 

-  O  a 

cr  tt 

CJ 

1  - 

r  in  fl  —  -* 

© 

0 

ft4 

3 

Ok  > 

>  u 

a 

B  O 

a 

cr 

tt  U. 

£©«*-** 

©  1-  C  0 

u 

> 

fl  fl 

u  o  cr 

CM  UJ  Z 

:  c 

9 

■  £  0 

0 

0  9 

U 

c  ~ 

*j  U 

0 

> 

F- 

3  uj 

O  O  mi 

0 

♦  £  © 

0  a 

e 

C 

E  a 

• 

tt 

iu 

m 

Z  U 

i  « 

fl 

E  V  0  9 

o 

a  >«- 

U  U 

c 

—  — 

~  0  £ 

0 

a 

*4 

mi 

« 

c 

E  u  ©  9 

o 

-  3 

a  £ 

0 

9 

tt 

mi 

m  «  in  e  * 

9  9  C 

o 

fl 

a  c 

0 

— 

0 

a  — 

— 

*4 

£ 

♦4 

u  < 

an  U  IU  - 

y 

9  0  0 

o 

U  >  ft* 

u 

a 

fl 

« 

Ohw  B 

£  «-  a* 

C  fl 

fl 

9  - 

—  0 

— 

*4 

C  tt 

fl 

n  •-*  g 

k  9 

£  ♦-  a* 

-  £  B 

• 

9 

o  a  9  a 

CM  IU  tt  fl 

CJ  C  9 

2 

E 

c  >  - 

XJ  £ 

9 

9  £  £  a 

0 

c  u 

a  o 

IN  tt  2 

:  a 

U  C  9 

2  ♦*  ♦*  a 

9 

a 

c 

a  cj  O 

O  a  a  - 

in 

9  ©  • 

© 

0 

—  a 

— 

c 

c  s 

fl  3 

♦4 

♦4  trt  U.  tt 

o  tt  uj  a© 

9  ©  • 

© 

fl  9  0 

B 

0 

—  JC 

♦*  ©  cr 

— 

M 

L 

ts 

e  «  e  © 

a 

a  a 

3 

9 

—  ft» 

— 

C 

c 

0  UJ 

< 

—  tt  ©  « 

a 

e  9  e  ©  ♦*  >  a 

0 

£ 

9  U 

• 

IU 

-4  U 

|  U 

2 

4  0  •  0 

— 

u 

L  ~  > 

O 

9 

P  9 

9  — 

9 

C  O 

CJ 

©  UJ  N 

z 

<9  -  9 

ft*  ©  —  E 

a 

•* 

—  fl 

O  CJ 

2 

a  o  £ 

~  0  C  £ 

C 

X 

c  c 

c  « 

£ 

a 

0 

a 

a  (j  £ 

0  9 

*4 

3 

a  a 

«- 

P 

ao  cj 

«  C  — 

fl 

0 

0 

9  - 

—  ft. 

ft* 

0 

u 

a 

ao  v 

a** 

B 

fl 

fl  U 

0 

22 


1023873  10  NO.-  EI800323873 

INFLUENCE  OF  PROCESSING  DEGRADATION  ON  FINAL  PROPERTIES  OF 
POL f ETHYLENE  SHEATHING  CONPOUNOS. 


DIALOG  FlleQ,:  COPpENOtJI  JCL-W/mr  ..(Copr.  Engineering  Index  Inc.)  SEE  7NEWS  ( 1  ten  20  of  68)  User  1 1004  19eprB2  2785 


b  ■  0  * 


’  ;s  5 


1  £  £ 

-  U  • 

■  i  2  £  v 

-  >  •  I 

!  m? 

i  J  ?  ■  5 

—  C  C  o 


>  3  -  - 
■  l  l  a  ■ 

\iiz 

:  a  0  0  ~ 

l2:  ~ 
•  •5-8 

:  £  c 

»  e-  TJ  •  m 

)  •  —  a 

N  —  J 
-  •  •  © 

:  •  i.  u  9 

:  «  •  x  c 


©  l  a 

*  a  ©  «  l 

o  r  *-  u 

LO- 


On-  u> 

c  *  * 


si  5 

c  — 
cr  x 


2  n 

uj  r 

-i  O  </> 

>•  l.  _i 

XU  < 


o  u  < 

a  -  x 

♦  *-  o 


-  ® 

—  p*>  * 

-  -  c 
£  0 

l  A 

.  °  <  c 
0 

•  •  C 

1  8  £  * 
IU0M* 


m  ~  ~  cv 

♦*  —  •  •-  •  i 

■  £  C  < 

•  v  f 

—  ♦»  i 

oca  oi 
C  -  C  0  £ 

—  ♦*  —  C  0 

x  m  9  0 

U  ©  £  -  ■  1 

•  4f  ♦*  *•  ’ 

L  — 

o  •  o  *o  • 

•  !vCI' 
m  -  c  o  —  * 
0  ♦»  —  o  +* 

.  ©  •  • 

L  v 

~  L  0  -  -  < 

'ffi' 

•  *  °  S  £ 

U  L.  —  *» 

C  O  •  £ 

—  ^  L 

8  Ol.il 
P-  •  £ 


r  -  •  c  •  -i 

©  jt  *0  «  l  •  — 

~  —  C  O  *-  ta  0 


.  C  r  oxo 
i  ©  -  *  ©  ©  © 

;  —  0  ©  ‘O  l  0  e  •  > 

> »-  0  ©  3  ©  ~  0  l 

>  £  *4  c  ~  a  ■  TJ  © 

k  —  ©  —  «  v  —  ©  a  > 

i©0CT5©l*4*  o 


■  w  c  o  3  ©  ■  uj  • 

•  -  •  C  u.  TJ  2 

CO  >0  Cw 

*4  ~  0  -  »*  t)  •  J  t 

~  C  —  0  •  C  > 

©0©£OL©X 
9C  3  *4  O  «  • 

C  •  tJ  •  UJ  • 

*4  C  ©  V  U  > 

BOX©  L  C  -J 

♦-C©©>»L©©0 
C  —  £  £  3  X  £  a.  I 


0 

w  in 

—  ® 

i  hi  Q 

»  • 

•  ■  ♦-  ©  0 

_ 

C 

£  £ 

0 

< 

8 

c  •-  • 

L 

—  L 

o  a£  a-  - 

> 

0 

0 

X 

X 

« 

•j 

• 

Q  O  <  •• 

• 

0  ta 

o 

O  3 

0  ©  0  E  C  C  £ 

0 

at  u 

— 

0 

L 

L 

a. 

2  ~  u 

C 

O 

0 

a  *4 

9  •  ©  3 

»— 

— 

« 

0 

0 

> 

O 

•P4 

— 

>mZ 

o 

L  —  < 

© 

© 

L  ©  *4  L 

0 

0 

L 

C 

«k> 

0 

m 

o  <  X 

•  © 

*0 

L 

o  o  l  ©co 

E 

? 

O 

X  £  L. 

.  ■  • 

—  X  UJ  . 

cx 

0  C  X 

«u  a 

c  ©»-•*-- 

0 

0 

C 

0 

0 

«a  z 

* 

0  0" 

iu  X  ^ 

c 

X  £ 

JC 

o  W 

-  •  X  0  «*- 

*4 

0 

0 

— 

>  0 

c 

oc  o 

— * 

a  uj  u- 

m  0 

L 

0 

^  >  -  • 

c 

JC 

0 

c 

• 

♦4 

o  — 

©  uj  z  a 

£ 

a  9  - 

0 

♦4 

O  -  •  C  TJ  2 

0 

0 

o 

0 

3 

—  O 

— 

c 

u-  ►- 

3 

M  UJ  UJ 

r*  uj  vi  C 

0 

E  £  £ 

X 

0 

0  -  L  0  9 

0 

« 

L 

© 

£ 

• 

a.  < 

Q 

U.  _J  -J 

OZ3  c 

© 

>  *4  3 

©  *4 

L  0  3  -  - 

0 

♦4 

E 

L 

♦4 

c 

6 

M  N< 

— 

•-  >-  < 

®  m  O  E  x  to  a 

• 

a  c 

0  0  *»  *4  0  *4 

L 

c 

0 

O 

0 

H- 

0 

« 

C 

a  — 

*-  X 

n  k  *n  ® 

♦u 

£ 

>  • 

•-O0X0 

a  0 

o 

—  0 

C 

0 

U  -J 

«  Z  »-  Q 

r*  uj  Of  0 

. 

C 

® 

♦* 

♦»  L 

0  %.  «  C  *4  «. 

© 

C 

0 

0 

♦4  © 

0 

L 

to  *- 

u. 

Ul  UJ  QC 

»  u.  3  - 

ta  »a 

u 

• 

0  —  L  — 

L 

L 

0 

0 

*4 

-  e 

a 

— 

0 

ui  a 

O  >  < 

M  >  (. 

m 

u  a® 

X 

c 

*p- 

0  0  U.  ^  T3 

0  £ 

• 

•  TJ  0 

0 

>  u 

Q  UJ 

"«  -J  U 

-f  u 

z 

<  E 

ta 

PM 

0  <u 

L  ©  fUC 

a 

u 

L 

0 

0 

•  0 

• 

C 

• 

H- 

o 

Z 

u 

X  - 

*4  a*u  ooo 

• 

E 

•  ♦* 

3 

0 

L  © 

L 

c 

L 

ta 

a 

M 

ta  — 

< 

*4  V 

0  B  0  0  <U  — 

£ 

E 

0 

6 

0 

-  £ 

s^s:-0 
?3I  > 


©  v  ~  ~  m 

*:«• 

>  ©  •  TJ 

«  >  *  ©  > 

ic 

•  LUO 

nos© 


I  O  •  L  OTJ 

!~  •  15S 

'  •  £  3  C  • 

.8-*5? 

I  ©  —  L 

■  -  *»-  o  •  © 
©  o  e  -  - 


•  >  o 
©  l  c  — 


C  -  ©  —  0  -  **  >  0  *4  ©• 

•  ~  ®  “D  2  ♦-  ©  —  0  C  E  £ 

-®3«*-0CL©0©EL© 

>  o  •  o  £  -  •  ai*ic 

£  X  O  ~  E  Q.  *4»D<U 

•4©©  •  «•  0#  **  0  0  0  — 

•  BCE  L  £  £  >•  ©  —  ©3 

>£  O  '0Q,*'O*'  ©5 

Z*  ~  *  -  ~  •  E  £ 

0  —  —  C  •  ©  ©  «  n  l  0 

ax  ooo©«4xof0> 

•  c  -  —  ©  C  0£»-*4 

—  LD«4  r£L0^4  - 

0  - 

£  -  •  00  ~>  ©o® 

OLX  -  O  3  C  *4  O  C 
—  •  0  «>  L  C  «4  o  ©000 


8b.£ 

0  £  C  ♦- 


3  O  •  OT3  ®  ©  0 
c 

I  E  6-  «  O 

0  -  X  «  c 

J  C  *4  o  ©  0 

9  >  0  © 

.  V  «U  L 

1  O 


e* 

C  *4 

0 

C 

3  E 

ta 

O  8 

£  © 

c  • 

0 

• 

TJ  •  C 

3 

TJ 

« 

—  -j 

C  e- 

c 

C  • 

-■go 

0 

• 

©  -  © 

0 

• 

© 

•  V 

c  < 

a  m 

0 

0  • 

c  - 

• 

O 

♦-  >»  E 

© 

-  0 

> 

•  £  L 

o  — 

1 

_  -  b 

«  c 

L 

«  £  • 

— 

®  3 

— 

£  ■ 

—  CL 

ui  r* 

TJ  *4  - 

0 

*4 

0 

E  ♦*  L 

2 

** 

*» 

*4  V 

CXuj 

I  8 

c 

•  ax 

-  £ 

0 

«e 

© 

-  •  3 

E 

c 

• 

_  c 

L  *- 

P  8 

0 

L  L 

>  O 

0 

— 

*-  >»  0 

** 

©  • 

♦4 

TJ  0  • 

3  < 

0  0  v 

L  O  © 

2 

♦* 

•  —  • 

E  £ 

— 

0  ♦»  *4 

ta  X 

*4 

—  0  c 

*4  —  E 

c 

L 

•  0  • 

L 

• 

♦4 

£  0 

z  a 

a 

a£  © 

•  *4 

0 

— 

© 

a  e 

— 

• 

L 

c 

•4 

o 

N 

X  © 

E  0 

*4 

«4»3‘uc©u0 

0  0  r  -  3  e  « 

•  —090’  -  • 

•  S  £  >£  E  * 

0  L  0  C  —  « 


i  •  ’5  o-o 

fi  C  ©  •  L 

0  l  a  o 

*4  0  0 

S?  f 

—  —  0  ©  *4 
Q.Jt©- 

f  yfi*. 

-©♦400 
UL  — 

C  O  ©  -  *4 

©  a  •  £ 

0  o  u  o 

0  0  L  — 

©  ©  a  • 

L  0  X 

•  *4 

K-i  S 
0  £  •  — 
*4  .  0  ♦*  3 

O  •  0  —  - 

S &«  C  8 


n  5  -  c 

K*I 

HI. 

a£  - 

?0  ? 
©  ♦*  ©  » 
L  0 

o  0  ♦* 

C  -  - 

=  .5S 

—  ^  L. 

o  o  ».  »■ 

<-  £  o 

ai%u 

L  ♦* 
O  ^  •  £ 
0  X  0 


I  0  L  0 

>  ©  0  > 

)  £  *.  ♦* 

I  ♦*  — 

0  • 
©00 
C  *4  o  c  . 
|  J  0  o 

:  x  l  >  ~ 

)  j*-? 

X  L  L  C  C 

o  a  -  o 
l  a  o  o 
9  L  0  a 

4  • 

»  ©  V 

■  C  L  O  N 

*  ~  *  -  s 

to  L 

|  >£  0 
IS  ? 

■  C  £  0 

0  X  • 

JO  0  0 

»  —  0  L 

:^B2l 

uial 


J0  O 

*4  «  n 

♦-  £  C 

-  80D 

©  X  © 

•  X  o  © 

0  —  *4 

©  L  ©  *4 

o  0  £  - 

i  3  O  I 

c  o  ©  o 

-  •  c  u 

*:  p-* 

r  i  «4  h- 
O  3  to 

-•0< 

•  *4 

X  3  •  > 
-  -  £ 

L  0 

•  0  ^  *0 
-  £  •  • 

3  •  >  0 
O  0  0 

•  £  -  a  i 
-  a.  o  « 
o«-Fu 
Eiiai 


=  5?  • 

®  h-  ft.  x 


o»  X  a  — 
r-  Z  5 

—  O*-  *  > 

uj  m  uj  ©  n 
H-  *  0  0 
'  <  0  0® 

•  25  k  x  • 

§s! .. 

o*8  -i  &  •  < 

P.  uj  o  *4  ( 

u.  u  •  ~  ©  ( 

°8Ii*  * 

0 i 

9>ms  e  «  i  i 

wKB:y §  < 

«  5 

b  ui  x  £  •  a  ; 

9lk<  «  u  ©  O  < 

szix-?r. 

4  ? 


•  •  0  0  0  *4  0 

*4  L  C  •  O  CL 

•  •©«-  «  •  - 

x  c  «-  >  e  > 

O  0  O  L  ©  C 

C  0  E  C  «4  L  • 

O  •  •  0  -  ©  3 

-CL  CEO 

♦4  ©  C  O  ©  V 

0  —  •  0  L  ©  L 

—  >C0O«4E© 
'O  £  -  ♦*  ®  O  V 

•  ~  a  c  ©  c 

l  ©  b  ©  a  © 

>  E  —  0  ®  *4 

—  ©  C  ©  0 

O  C  L  -  - 

«•»  a  o  3  £  *-  _ 

o  L  ®  c  •  L  v 

~  ©  ©  -  ©  c 

♦4  o  •  l  £  a  © 

£  •  E  ©  -  O 

0  OI—  %»  0  L 

*4^0  >4*  -  a 

o  •  ~  -  > 

•  x  -  TJ  i  © 

U.  0  *4  «4 

w  •  C  ©  -  C 

©LB©  -  0  • 

©  •  u  *  o  o  e 

—  L  L  —  —  © 

3  3  •  •  >  C  u 

•  0*4©*4©©3 

1  £  ©O—  ♦*  L  £  B 

O  L  •  O  -  •  © 

E  «-  E  0  3  E  E 


measurement©.  The  rate  of  Muld  absorption  fncr 

s Ignl f leant  1 y  due  to  the  appearance  of  carbonyl  groups, 
the  fluids  were  absorbed.  density  Increased  and  sma I  I - 
*  ray  scatter  (SAXS)  Intensity  diminished  slightly, 
expected  Small  changes  In  mechanical  properties  (e. 
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Fort  Monmouth,  NJ  07703 
1  ATTN:  DELSD-L 
1  DELSD-E 
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President,  Airborne,  Electronics  and  Special  Warfare  Board,  Fort  Bragg, 

NC  28307 
ATTN:  Library 

Director,  U.S.  Army  Ballistic  Research  Laboratory,  Aberdeen  Proving  Ground, 

MD  21005 

ATTN:  DRDAR-TSB-S  (STINFO) 

Commander,  Dugway  Proving  Ground,  Dugway,  UT  84022 
ATTN:  Technical  Library,  Technical  Information  Division 
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Director,  Benet  Weapons  Laboratory,  LCWSL,  USA  ARRADCOM,  Watervliet,  NY  12189 
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Commander,  U.S.  Army  Foreign  Science  and  Technology  Center,  220  7th  Street,  N.E., 
Charlottesville,  VA  22901 
ATTN:  Military  Tech,  Mr.  Marley 

Commander,  U.S.  Army  Aeromedical  Research  Unit,  P.O.  Box  577,  Fort  Rucker, 
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Director,  Eustis  Directorate,  U.S.  Army  Air  Mobility  Research  and  Development 
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ATTN:  Technical  Library 

Commander,  U.S.  Army  Engineer  School,  Fort  Belvoir,  VA  22060 
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Commander,  U.S.  Army  Engineer  Waterways  Experiment  Station,  Vicksburg,  MS  39180 
ATTN:  Research  Center  Library 

Commander,  U.S.  Army  Environmental  Hygiene  Agency,  Edgewood  Arsenal,  MD  21010 
ATTN:  Chief,  Library  Branch 
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Technical  Director,  Human  Engineering  Laboratories,  Aberdeen  Proving 
Ground,  MD  21005 
1  ATTN:  Technical  Reports  Office 

Comnandant ,  U.S.  Army  Quartermaster  School,  Fort  Lee,  VA  23801 
1  ATTN:  Quartermaster  School  Library 

Commander,  U.S.  Army  Radio  Propagation  Agency,  Fort  Bragg,  NC  28307 
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Naval  Research  Laboratory,  Washington,  DC  20375 
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National  Aeronautics  and  Space  Administration,  Washington,  DC  20546 
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National  Aeronautics  and  Space  Administration,  Marshall  Space  Flight  Center, 
Huntsville,  AL  35812 

1  ATTN:  R.  J.  Schwinghanmer ,  EH01,  Dir,  M&P  Lab 

1  Mr.  W.  A.  Wilson,  EH41,  Bldg.  4612 

1  Committee  on  Marine  Structures,  Marine  Board,  National  Research  Council, 

2101  Constitution  Ave.,  N.  W.,  Washington,  DC  20418 

1  Librarian,  Materials  Sciences  Corporation,  Guynedd  Plaza  11,  Bethlehem  Pike, 
Spring  House,  PA  19477 

Panametrics,  221  Crescent  Street,  Waltham,  MA  02154 
1  ATTN:  Mr.  K.  A.  Fowler 

1  The  Charles  Stark  Draper  Laboratory,  68  Albany  Street,  Cambridge,  MA  02139 

Wyman-Gordon  Company,  Worcester,  MA  01601 
1  ATTN:  Technical  Library 

Lockheed-Georgia  Company,  86  South  Cobb  Drive,  Marietta,  GA  30063 
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